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A   MEMOIR   OF   AMERICAN   ENGINEERING. 

A  Paper  by  John  B.  Jervis,  C.  E.,  Honorary  Meml)er  of  tlie  Society. 
Read  October  18th,  187G. 


To  the  American  Society  of  Civil  Engineers  : 

I  have  had  under  consideration,  your  request  to  furnish  such  history 
of  American  engineering  as  could  be  gathered  from  my  observation  and 
experience.  At  my  age,  now  i:)ast  fourscore  years,  I  cannot  undertake 
the  labor  of  looking  up  documents,  so  as  to  be  exact  in  facts,  and  can 
only  give  them  approximately  as  to  dates.  I  necessarily  feel  embarrass- 
ment in  undertaking  this,  from  the  fact  that  I  have  been  so  personally 
interested  in  much  that  has  been  done,  that  my  statements  may  easily 
be  attributed  to  egotism.  In  this  regard,  I  hope  you  will  be  charitable, 
and  that  you  will  have  no  occasion  to  doubt  the  fidelity  in  anything  I 
may  say. 

The  Erie  Canal. — My  first  experience  was  on  the  original  construc- 
tion of  the  Erie  canal,  between  Buffalo  and  Albany,  in  the  State  of  New 
York.  This  work  was  Commenced  and  gi-ound  broken,  July,  1817.  As  the 
circumstances  under  which  I  first  entered  on  this  department  of  work 
may  be  interesting,  I  will  occupy  a  few  lines  in  describing  it. 

The  work  had  been  commenced  in  the  town  in  which  I  resided,  but 
the  line  had  not  yet  been  located  through  a  jjiece  of  cedar  swamp  in  this 
vicinity.  Hon.  Benjamin  Wright,  the  Chief  Engineer,  resided  in  the 
same  village — Rome,  N.  Y.     A  party  of  engineers  came  on  to  make  this 
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location,  but  they  had  no  axemen,  a  portion  of  the  force  indispensable 
for  this  ser\ice.  Baing  well  acquainted  with  my  father,  Mr.  Wright 
called  on  him  to  supply  two  axemen  for  this  service.  My  father  inquired 
of  me  if  I  would  take  one  of  his  axemen  and  do  the  work.  I  was  then, 
(1817),  near  twenty-two  years  of  age,  and  as  the  work  was  expected  to 
take  only  a  few  days,  I  cheerfully  assented  to  go.  Mr.  N.  S.  Eoberts  was 
the  engineer  who  had  charge  of  the  party,  a  pretty  stern  sort  of  a  man, 
and  very  exacting.  Myself  and  assistant  were  exjjsrt  axemen,  and  with 
the  enthusiasm  of  a  new  and  untried  operation,  we  entered  on  the  work. 
It  was  soon  evident  our  principal  was  pleased  with  the  manner  we  executed 
our  duty.  My  attention  was  soon  directed  to  the  use  of  the  instruments, 
which  at  first  appeared  quite  mysterious.  In  the  course  of  proceeding, 
it  often  happened  that  I  was  brought  to  wait  a  little  time  with  the  rod- 
man  (as  he  was  called),  or  target-bearer.  At  such  times,  I  was  led  to 
examine  the  target  and  notice  the  operations.  In  a  day  or  two,  I  began 
to  think  I  could  do  that  duty,  and  so  thoughts  rambled  in  my  mind,  of 
learning  the  art.  But  then  I  thought,  I  had  nothing  but  a  common 
school  education,  and  how  should  I  be  able  to  master  the  mysteries  of 
.such  a  science  as  engineering  appeared  to  be  ?  Still  I  pondered  on  the 
subject,  and  so  far  concluded,  that  what  others  could  do,  I  could  do. 
At  the  last  day  of  this  service,  while  the  party  was  taking  its  lunch  in 
a  little  huddle  in  the  swamj),  I  ventured,  half  jest  and  half  earnest,  to 
ask  the  princiiml,  "What  vriU  you  give  me  to  go  with  you,  next  year" 
(this  was  in  November),  "and  carry  one  of  those  rods?"  To  this,  he 
replied  that  he  would  give  me  $12  per  month.  This  was  so  prompt  that 
I  was  a  little  stai'tled,  and  began  to  think  very  seriously  of  the  matter. 

So,  you  see,  I  began  my  experience  in  engineering  as  an  axeman, 
and  having  so  well  acquitted  my  duty  in  this,  that  it  was  thought  I  might 
succeed  in  a  higher  service.  With  some  trepidation,  this  engagement 
was  settled,  and  I  occupied  such  evenings  and  other  times  as  my  daily 
avocations  permitted,  in  the  study  of  surveying,  the  art  at  that  time 
regarded  as  the  basis  of  civil  engineering  ;  and  on  April  10th,  1818,  I 
started  from  Kome  with  a  locating  party  consisting  of  about  twelve  per- 
sons. All  but  the  principal  of  the  party,  Mr.  Eoberts,  set  off  on  foot, 
ha\dng  a  wagon  for  our  baggage  and  tents.  The  third  day,  after  a  very 
muddy  walk,  we  reached  Geddes,  near  Syracuse,  and  ijitched  our  tents. 
Early  in  July,  we  completed  the  location  to  the  Seneca  river,  at  Monte- 
zuma. I  was  now  a  regular  rodman  of  three  months'  experience.  The 
party  returned  to  Eome  and  was  disbanded. 
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Thei'e  liad  been  now,  a  large  portion  of  tlie  middle  division,  (Utica  to 
Montezuma)  put  under  contract,  and  several  small  parties,  each  with  a 
Resident  Engineer,  was  organized  to  direct  the  execution  of  the  work. 
I  was  assigned  to  a  party  having  about  17  miles  in  charge,  in  the  coun- 
ties of  Madison  and  Onondaga,  under  Mr.  David  S.  Bates.  The  only 
qualification  of  my  principal  was,  that  he  was  a  land  surveyor,  of  good 
standing.  As  my  experience  in  handling  levelling  instruments  was 
greater  than  his,  he  very  readily  allowed  me  to  run  his  levels.  I  do  not 
mention  this  to  his  disparagement,  but  to  show  the  limited  range  of 
•engineering  experience  at  that  time.  At  the  close  of  the  season  for  work 
on  the  canal,  I  was  sent  to  the  quarry  to  weigh  lock-stone  for  the  winter. 
The  next  season  (1819),  my  i^riucipal  was  charged  with  more  extended 
drfties,  and  I  was  made  Resident  Engineer  of  his  division,  at  a  salary  of 
|)1.25  per  day,  and  §0.50  for  expenses.  This  I  regarded  as  satisfactory 
progress,  though  I  was  employed  only  about  nine  months  of  the  year. 

When  this  canal  was  constructed,  the  State  of  New  York  contained 
about  1  2-50  000  people.  A  large  part  of  the  State  was  a  wilderness,  and 
the  surplus  earnings  of  its  citizens  were  mostly  absorbed  in  clearing  the 
forest,  draining  the  land,  and  in  the  erection  of  necessary  houses,  offices, 
mills,  and  other  improvements  imperatively  called  for  by  a  people  set- 
tling a  new  country.  Of  course  the  financial  question  was  one  of  pro- 
found importance,  and  to  a  large  jiortion  of  the  people  appeared  insuper- 
able. I  Avell  remember  the  alarm  of  intelligent  men,  that  it  would  sink 
the  State  in  irretrievable  ruin.  But  little  had  been  done  in  such  works 
in  this  country  at  that  time.  The  State  sought  the  aid  of  the  general 
government.  One  of  the  Commissioners,  Mr.  Joshua  Foreman,  of 
Onondaga,  said  to  me,  that  after  they  had  represented  at  Washington 
their  plan,  and  made  request  for  aid,  Mr.  Jefferson  said  to  him — "We 
are  trying  to  make  a  canal  3  miles  long  at  this  city,  and  we  have  not 
been  able  to  obtain  sufficient  funds  from  individuals,  the  State  govern- 
ment and  the  general  government  to  complete  it,  and  now  you  ask  us  to 
aid  you  in  building  ^  canal  300  miles  long  through  a  wilderness.  Pre- 
posterous !"  Failing  to  obtain  aid  from  other  States,  or  the  general 
government,  the  State  of  New  York  entered  single-handed  on  both  these 
great  works,  the  Erie  and  Champlain  Canals.  The  financial  question,  at 
that  time  a  very  serious  one,  called  the  attention  of  the  best  financiers 
of  the  State  to  its  consideration.  In  this  they  devised  a  system,  and 
carried  it  out  with  such  fiducial  integrity  that  the  State  received  a  pre- 
mium on  the  5  per  cent,  bonds,  of  15  per  cent. 
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I  well  recollect  that,  among  the  items  of  criticism  at  that  day,  the 
question  of  the  skill  of  the  engineer  to  establish  long  levels,  anil  as  the 
Eome  summit  here  was  60  miles  long,  it  was  confidently  predicted  that 
in  this  case  there  would  be  failure.  The  level  was  carefully  tested  by 
Mr.  Canvass  White,  the  Principal  Assistant  Engineer,  and  such  errors 
as  were  found  were  corrected.  When  the  water  was  let  in,  the  level 
proved  to  be  correct.  I  may  remark  that,  however  well  the  science  of 
levelKng  is  understood,  it  requires  great  care  to  establish  a  water-level  for 
60  miles.  Previous  to  this  time,  some  small  canals  had  been  made — as  the 
Middlesex  in  Massachusetts,  and  some  others — to  pass  falls  or  rapids  in 
natural  navigation.  In  the  State  of  New  York,  the  Inland  Navigation 
Company  constructed,  about  the  year  1798,  a  canal  at  the  Little  Falls  of 
the  Mohawk,  of  about  1  mile  in  length,  with  5  locks,  and  a  canal  of  2 
miles  at  Rome,  to  connect  the  Mohawk  and  Wood  Creek,  and  some  other 
improvements  by  locks  and  dams.  By  these  imiDrovements  the  batteau 
boats,  of  a  capacity  of  10  to  15  tons,  were  able  to  navigate  the  natural 
waters. 

Hon.  Benjamin  Wright,  of  Rome,  N.  Y. ,  had  been  an  eminent  land 
surveyor,  and  with  Hon.  James  Geddes,  of  Onondaga,  and  Mr.  John 
Broadhead,  of  Utica,  had  made  the  previous  year,  (1816)  a  preliminary  sur- 
vey and  estimate  of  the  Erie  Canal,  and  with  Mr.  G.  Lewis  Garin,  for  the 
Champlain  Canal.  With  the  information  furnished  by  these  engineers, 
the  State  entered  on  the  construction  of  the  work.  Mr.  Wright  was 
appointed  Chief  Engineer  of  the  Erie  Canal,  and  Mr.  Geddes  of  the 
Champlain  Canal. 

Mr.  Wright  had  Mr.  Canvass  White  as  his  Principal  Assistant,  and  to 
him  was  committed  the  duty  of  preparing  plans  for  the  mechanical 
stiTictures.  I  do  not  think  Mr.  Wright  made  any  plans  of  importance  ; 
though  he  did  not  draw  plans,  he  was  a  very  sagacious  critic  of  any  j)re- 
sented.  He  excelled  in  practical  judgment.  His  Principal  Assistant 
delighted  in  plodding  over  plans  and  methods  of  construction.  He  pre- 
pared the  plan  for  locks,  which,  considering  the  times,  was  highly  credit- 
able to  his  engineering  skiU.*  Mi\  White  did  a  very  valuable  service  in 
discoveiing  the  material  for  hydraulic  cement.  I  have  always  regarded 
him  as  having  had  the  most  strict  engineering  mind  of  any  of  his  time. 
The  Chief  and  his  Principal  Assistant  worked  remarkably  harmonious 
together,  and  performed  a  better  service  to  the  canal  than  either  would 

*  An  old  and  near  worn  out  copy  of  this  lock  plan  I  have  preserved  ;  it  will  be  found  in  the 
folio  of  plans  of  the  Delaware  A:  Hudson  Canal,  now  in  the  Society's  rooms. 
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have  done  alone.  As  indicating  tlie  temper  of  the  times,  I  notice,  tlie 
Chief  Engineer  called  on  a  carpenter,  a  Mr.  Cady,  of  Chittenango,  to 
prepare  a  plan  for  the  wooden  trunks  of  aqueducts.  Mr.  Cady'splan  was 
adopted,  and  it  will  bear  the  test  at  this  day  for  that  kind  of  structure. 

The  Middle  Section  Avas  essentially  completed,  at  the  close  of  1819. 
But  there  was  found  moi'e  or  less  deficiencies  that  requii'ed  nearly  the 
next  season,  1820,  to  fit  it  for  regular  navigation.     The  duty  of  attend- 
ing to  tlie  further  completion  of  this  Section  was  intrusted  to  the  writer, 
which  constituted  his  third  year's  exjjerience    at  no  advance  in  salary. 
In  the  spring  of  1821,  I  was  made  Eesident  Engineer  of  a  Division  of  the 
Eastern  Section,  extending  from  the  Nose  to  Amsterdam,  17  miles.     This 
was  a  much  more  difficult  duty  than  I  had  on  the  Middle  Section.     In 
several  places  the  bald  side  hills  were  washed  by  the  Mohawk  river, 
requiring  protection   against  its   floods,    and  there   were    many  more 
mechanical  structures.    This  Division  and  the  greater  j^art  of  the  Section 
between  Utiea  and  Schenectady,  was  completed  substantially  at  the  close 
of  1822.      But,  as  was  observed  of  the  Middle   Section,  there  were   a 
number  of  items  still  to  be  done  in  1822,  and  navigation  was  not  opened 
successfully  until  September  of   that  year.     The  work  on  my  Division 
-was  mostly  done  and  the  accounts  settled  during  the  early  winter  of  1822, 
and  in  the  spring  of  1823,  I  was  assigned  the  duty  of  superintending  the 
■canal  for  a  section  of  50  miles,  from  the  Minden  dam  to  the  aqueduct 
across  the  Mohawk  river.     This  service  was  one  of  valuable  exi^erience 
to  me  personally.     Hitherto  I  had  been  exclusively  engaged  in  construc- 
tion, and  this  gave  me  opportunity  to  see  the  working  of  the  canal  in 
actual  operation,  and  was  highly  interesting.      It  moreover   gave   me 
experience  in  the  management  of  such  work.     The  first  year,  I  had  not 
exclusive  control,  as  some  of    my  brother  Residents  were  more  or  less 
occupied  in  completing  their  work,  and  I  did  not  have  full  charge  until 
the  month  of  September.     The  second  year  I  had  entire  charge.     The 
Chief  Engineer  had  left  for  other  works,  and  was  seldom  on  the  canal. 
"The  Section  of  the  canal  under  my  charge  at  this  time,  was  about  one- 
seventh  of  the  entire  line,   and  more  expensive  to  maintain  than  the 
general  average.     The  work  being  new,  there  were  frequent  failures  ; 
laut    as  weak   points  developed    they    were    repaired,    and    the    work 
was  constantly  imi:)roved.      In  many  cases  it  required  a  good  deal  of 
activity  to  keep  up  the  navigation.     This  Section  was  maintained  at  a 
i5ost  of  $600  per  mile,  including  a  large  amount  of  work  in  graveUng  the 
"towing-path.     The  work  was  done  in  a  strict  business  way.     Mr.  Henry 
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Seymour  was  Canal  Commissioner.  He  gave  me  full  authority  in  regard 
to  everytliing  relating  to  the  ■work,  making  au  occasional  ■s'isit  and  con^ 
suiting  fully  on  the  wants  of  the  work.  There  were  no  i^olitics  to  be- 
cared  for.  I  selected  all  the  foremen,  and  visited  them  all  twice  every 
week,  personally  directing  them  in  regard  to  their  work.  No  other  part 
of  the  canal  exhibited  the  same  economy.  In  view  of  my  experience  in 
the  maintenance  of  the  canal,  it  appears  a  strange  waste  to  see  the  sub- 
sequent expenditures  of  from  three  to  ten  times  the  amount. 

In  1825,  the  canals  were  completed  and  opened  for  navigation  by  a. 
magnificent  celebration. 

In  March,  1825,  I  resigned  my  employment  on  the  Erie  canal.  I 
left  with  the  unequivocal  compliment  of  the  Canal  Commissioner,  Mr. 
Seymour  ;  biit  I  was  ambitious  to  engage  on  new  work,  now  being  pro- 
jected in  many  parts  of  the  country.  The  success  of  the  Erie  canal,  and 
the  magnitude  of  its  traffic,  gave  gTeat  impulse  to  canal  enteiiDrise.  Mr. 
Wright,  the  Chief  Engineer,  had  gone  to  the  Chesapeake  &  Delaware- 
and  the  James  river  canals;  Mr.  White  to  tlie  Union  and  Lehigh  canals, 
in  Pennsylvania,  and  afterwards  to  the  Delaware  &  Earitan  canal  and 
the  Morris  canal  in  New  Jersey,  the  Blackstone  in  Rhode  Island, 
the  Farmington  in  Connecticut,  the  Schuylkill,  as  also  the  State  canals 
of  Pennsylvania,  Ohio,  and  other  States.  It  is  hardly  necessary  now  tO' 
say  some  of  these  canaLs  proved  useless  as  commercial  enterprises. 

The  Delaware  &  Hudson  Canal  and  Railway  was  projected  by 
Messrs.  Wurtz,  of  Philadelphia.  They  owned  coal  mines  in  the  Lacka- 
wanna valley,  and  entered  into  this  joroject  to  obtain  a  channel  for 
the  transjjortation  of  their  coal  to  the  city  of  New  York,  and  the  valley 
of  the  Hudson.  Under  a  charter  obtained  from  Pennsylvania  and  New 
York,  a  company  was  organized  in  the  city  of  New  York  early  in  March, 
1825.  A  sui-A-ey  of  the  route,  and  an  estimate  of  the  cost  had  been  made 
the  previous  year  under  the  direction  of  Mr.  John  L.  Sullivan,  an  en- 
gineer from  Boston,  and  Mr.  John  B.  Mills,  as  his  assistant.  Mr.  Mills, 
conducted  the  survey.  The  plan  projoosed  was  partly  canal  and  partly 
improvement  of  the  river  by  locks  and  dams.  The  cost  was  estimated  at 
SI  208  000.  The  actual  cost  was  nearly  double  this.  This  was  a  hardy 
enterprise  for  private  capital,  at  that  day,  and  great  credit  is  due  the 
enterprising  Board  of  Directors  who  persevered  through  many  difficulties 
to  final  success.  Mr.  Philip  Howe  was  the  first  president,  and  was  suc- 
ceeded by  Mr.  John  Bolton.  The  Board  of  Directors  had  engaged  Mr^ 
Benjamin  Wright  as  Chief  Engineer,  who  requested  me  to  take  the  posi- 
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tion  of  Principal  Assistant  Engineer,  with  a  view  to  conducting  the 
details  of  administration  under  his  general  advice.  I  concluded  the  en- 
gagement March  25th,  1825,  and  proceeded  with  Mr.  Mills,  above  referred 
to,  to  make  an  examination  of  the  route.  This  led  me  to  report  against 
most  of  the  slack-water  plan,  by  dams  and  locks.  The  rivers  were  of  a 
character  that  did  not  appear  favorable,  in  my  mind,  to  this  kind  of  im- 
provement. To  my  views  in  this  report,  the  Chief  Engineer  assented, 
after  he  had  examined  the  route,  and  an  independent  canal  was  decided 
on.  The  size  of  the  canal  was  4  feet  depth  of  water,  20  feet  width  of 
bottom,  and  28  feet  width  at  top  water  line.  The  locks  were  76  feet 
long,  and  9  feet  wide  in  the  chamber,  and  designed  for  a  boat  of  30  tons. 
The  total  length  of  canal  from  Kingston  to  Honesdale  is  106  miles  ;  it 
has  110  locks.  From  the  termination  of  the  canal  at  the  forks  of  the 
Deyburg  (Honesdale),  a  railroad  is  constructed  16  miles  to  the  coal 
mines  in  Lackawanna  valley.  Intervening  these,  was  a  rise  of  near  900 
feet  to  the  siTmmit  of  Mosaic  mountain,  and  nearly  the  same  descent  to 
the  mines. 

At  this  time,  no  coal  was  brought  from  the  anthracite  coal  fields,  except 
that  by  arks  floated  down  the  Lehigh  from  Mauch  Chunk,  nor  was  the 
article  used  in  New  York. 

The  canal,  commencing  at  Kingston  on  the  Hudson,  traversed  the  val- 
ley of  the  Rondout  and  Mamakating,  59  miles  to  the  Delaware  river,  thence 
22  miles  up  the  Delaware  to  the  mouth  of  the  Lackawaxen  river,  and 
thence  up  the  same  to  the  forks  of  the  Deyburg  at  Honesdale.  The 
locks  east  of  the  Delaware  were  made  of  stone — the  face  hammered, 
but  not  cut — and  laid  in  hydraulic  cement,  and  the  backing  in  quick-Ume 
mortar.  This  last  was  a  mistake.  The  locks  on  the  Delaware  and  Lack- 
awaxen were  of  dry  wall  masonry,  faced  with  timber  and  plank.  The 
canal  was  mostly  completed  in  autumn  of  1828,  but  not  much  navigation 
was  attempted  until  the  autumn  of  1829,  when  the  first  coal  was  sent 
down. 

The  railroad,  commencing  at  the  mines  at  Carbondale,  was  carried 
to  the  summit  of  the  mountain,  in  about  3  miles.  The  ascent  was  made 
by  five  incline  planes,  all  but  one,  on  an  angle  of  one-twelfth.  A  less 
number  of  planes  would  have  been  chosen  if  the  formation  of  the  country 
had  been  favorable.  The  planes  were  operated  by  stationary  steam  engines. 
The  cars  were  moved  by  endless  chains  passing  round  on  sheave  wheels, 
at  the  head  and  foot.  In  order  to  guard  against  the  slipping  of  the 
chain  on  the  upper  sheave,  steel  studs  were  sunken  in  its  groove.     When 
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put  in  operation  the  machinery  worked  well,  but  the  chain  frequently 
broke,  and  had  to  be  abandoned  ;  hempen  rope  was  substituted  instead. 
It  was  apprehended  the]  roY)e  would  not  have  sufficient  hold  in  the 
Bheave  to  prevent  sHpping.  To  obviate  this,  a  second  sheave  was  placed 
on  the  same  shaft,  by  means  of  which  the  rope  had  two  holds  in  the  groove 
instead  of  one,  which^^was  found  to  be  quite  sufficient,  and  the  whole 
Avorked  satisfactorily.  Subsequently  the  hempen  rope  gave  place  to 
one  made  of  wire. 

After  reaching  the  summit,  the  line  i^assed  about  1^  miles  to  the  brow 
of  the  mountain  on  the  opposite  side,  and  then  had  a  descent  of  near  500 
feet  in  about  one  mile.  To  provide  means  to  resist  the  preponderating 
gravity  of  loaded  trains  as  compared  with  empty  trains,  was  a  serious 
matter.  The  method  described,  in  European  engineering,  was  by  a  fric- 
tion brake  ;  to  this,  there  were  considered  several  objections,  when 
applied  to  so  large  a  preponderating  force.  It  occurred  to  the  wiiter 
that  it  might  be  possible  to  make  use  of  the  resistance  of  the  atmosjihere 
to  secure  the  object.  It  was  found  that  experiments  had  been  made  on 
this  resistance,  which  so  far  as  records  could  be  found,  were  on  a  sur- 
face of  one  square  foot,  and  it  was  deemed  advisable  to  have  them  made 
on  a  larger  area.  Accordingly,  I  had  an  apparatus  prepared,  in  which  I 
could  use  a  surface  from  4  to  21  feet  area.  With  this,  I  made  a  great 
number  of  experiments  at  different  velocities,  from  which  it  appeared 
that  the  resistance  was  rather  greater  than  in  those  referred  to;  whence  I 
decided  that  air  was  the  best  element  for  controlling  the  j)reponderating 
force,  and  immediately  set  to  work  to  devise  the  method  of  application. 

The  i^lan  adopted  was  to  place  a  large  spur  wheel  on  the  uimght 
shaft,  immediately  under  the  sheave  wheel ;  the  spur,  extending  to  each 
tide  of  the  road,  worked  the  pinions  of  these  shafts,  and  as  the  sheave 
wheel  revolved,  motion  was  given  to  the  sails,  which  from  their  natural 
position,  drove  the  air  in  oj^ijosite  directions,  and  so  prevented  gyration. 
Each  shaft  had  four  sails  made  of  thin  boards,  of  about  20  square  feet 
area.  It  will  be  noticed  this  was  a  very  simple  sort  of  machine.  On  one 
of  the  sail  shafts  was  a  powerful  friction  brake,  to  be  used  in  stoijping 
the  trains  at  the  head  and  foot  of  the  planes,  and  for  any  emergency  that 
might  require  it.  This  I  called  a  pneumatic  convoy.  It  wiU  be  readily 
apprehended  that  I  felt  no  httle  anxiety  in  the  success  of  the  experiment 
as  the  first  train  was  passed  over  the  angle  of  the  plane.  Of  course,  the 
friction  brake  was  at  command,  though  its  use  was  not  required.  The 
train  moved  off,  the  sails  moved  regularly  and  held  it  throughout  to  an 
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uniform  velocity  of  about  4  miles  per  hour,  as  had  been  calculated  ;  the 
result  -was  complete.  As  business  increased  on  the  road,  it  became  neces- 
sary to  increase  the  speed  of  trains,  and  to  reduce  the  area  of  the  sails, 
and  I  believe,  finally  only  their  arms  -were  left. 

This  plane  was  about  J  mile  long,  and  had  a  descent  of  about  350 
feet.  There  were  two  other  planes  of  this  kind  (called  "self-acting" 
planes),  to  provide  in  part  for  the  descent  to  the  canal.  The  second 
was  a  short  distance  from  the  first,  and  thence  the  railway  was  carried 
on  a  grade  of  1  to  120,  about  6  miles,  to  the  head  of  the  third  plane.  On 
this  gi-ade,  the  loaded  trains  descended  by  gravitation.  From  the  third 
self-acting  i^lane  to  the  head  of  the  canal  (about  3  miles),  the  road 
was  constructed  on  a  grade  of  1  to  200.  On  this  and  also  on  the  6  mile 
grade,  it  was  intended  to  use  locomotive  power — on  the  latter  to  haul 
back  the  empty  cars.  But  this  feature  was  abandoned,  though  the 
engines  had  been  obtainfed.  It  was  supposed  the  road  would  cany  an 
engine  of  from  4  to  5  tons  ;  they  were  made  about  one-half  lieavier. 
After  repeated  trials,  it  was  decided  the  road  was  not  sufficiently  strong 
to  sustain  them  with  safety,  and  horses  and  mules  were  substituted  in 
their  place. 

Now,  this  railroad  has  been  materially  changed.  I  left  Mr.  James 
Archbald,  one  of  my  Resident  Engineers,  in  charge  as  Superintendent  of 
the  railway  and  the  mines — that  is,  I  recommended  him.  and  the  com- 
pany gave  him  the  suj^eriutendeucy.  He  had  an  excellent  engineering 
mind,  of  gi'eat  practical  sagacity,  and  was  eminently  upright  in  purpose. 
After  a  few  years  he  designed  and  executed  an  important  improvement. 
In  this,  he  abandoned  plane  No.  8  (the  last  self-acting  jDlaue),  and  car- 
ried the  G  mile-grade  to  the  head  of  the  canal  at  Honesdale.  He  then  made 
a  new  plane  worked  by  steam  power,  at  the  head  of  the  canal,  up  which 
he  haaled  the  empty  cars  to  a  certain  height;  and  also  a  new  railway  on 
a  gr  ide  that  would  allow  them  to  descend  by  gravitation,  as  far  as  the 
country  would  permit ;  then  by  another  jjlane  of  same  kind,  the  cars  were 
hauled  up  to  such  height  as  ct)uld  be  commanded,  and  a  gravity  rail- 
way was  made  as  far  as  the  ground  would  jaermit.  So  alternatively,  by 
planes  Avorked  by  steam  and  by  gravitation,  he  completed  a  return  rail- 
way from  the  canal  to  plane  No.  7  (the  second  self-acting  plane), 
a  di  itance  of  about  10  miles.  This  dispensed  with  all  moving  power, 
and  comjjleted  the  machinery  character  of  the  railway.  It  is  now 
worked  by  stationary  steam  and  gravitation,  with  no  moving  power  of 
importance. 
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Subsequently,  Mr.  Arclibald  was  employed  as  the  Chief  Engineer  of 
the  Pennsylvania  Coal  Company,  for  which  he  constructed  a  railway  from 
its  mines  at  Pittston,  through  Cabb's  gap  and  the  valley  of  the  Wallen- 
paupac  to  Hawley,  a  town  on  the  Delaware  &  Hudson  canal,  about  8 
miles  from  the  head  at  Honesdale.  This  railway  is  aboiit  40  miles  long 
and  Avholly  a  stationary  steam  and  gravitation  railway,  in  both  direc- 
tions ;  it  has  worked  in  the  most  satisfactory  manner.  It  is  obvious  the 
above  jjlan  would  only  be  useful  when  there  was  great  disjiarity  between 
the  elevations  of  the  valleys  and  adjacent  hills.  This  was  peculiarly  the 
condition  in  these  cases,  and  transportation  was  made  at  moderate  expense 
over  the  mountainous  country. 

To  return  to  the  canal.  Mr.  Wright  resigned  the  position  of  Chief 
Engineer  about  two  years  after  the  commencement  of  the  work,  and  the 
writer  was  appointed  to  that  position.  In  the  autumn  of  1829,  there  was 
some  navigation  on  the  canal,  and  a  few  hundred  tons  of  coal  were  trans- 
ported to  tidewater.  There  were  many  impediments  to  the  progress  of 
navigation,  but  during  1830,  there  was  considerable  traffic,  the  work 
steadily  improved  and  the  quantity  of  coal  delivered  at  tidewater 
was  increased.  I  recommended  Mr.  Russell  T.  Lord,  who  had  been  a 
Resident  Engineer  on  the  canal,  as  General  Superintendent.  He  was  a 
man  of  excellent  executive  ability,  and  conducted  the  administration  with 
great  good  sense  and  fidelity  to  his  duty.  The  canal  business  increased, 
and  after  a  few  years,  Mr.  Lord  made  an  improvement  by  increasing  the 
depth  of  water,  so  that  he  raised  the  tonnage  of  the  boats  from  30  to  50 
tons,  increasing  the  capacity  of  the  canal  and  the  economy  of  transpor- 
tation. In  this,  he  only  altered  the  locks,  so  as  to  meet  the  rise  in  water, 
leaving  the  chamber  the  same  in  width  and  length.  The  advantage  that 
had  by  this  means  been  realized,  led  to  a  more  radical  enlargement,  by 
which  the  locks  were  rebuilt  with  chambers  90  feet  by  15,  instead  of  76 
by  9.  The  dei^th  of  water  was  raised  to  6  feet,  and  the  canal  more  or 
less  widened.  This  would  all  have  been  well,  had  the  widening  cor- 
responded, but  it  was  not  sufficient  to  give  the  proj^er  ratio  between  the 
section  of  the  boat  and  the  section  of  the  canal.  The  result  was,  it  did 
not  improve  the  economy  of  transportation;  it  however,  increased  the 
tonnage  capacity  of  the  canal,  which  was  an  ample  compensation  for  the 
cost  of  the  improvement.  Mr.  Lord  replaced  two,  and  added  other  twe 
aqueducts  by  which  the  canal  was  carried  over  streams,  supported  by 
wire  cables.    The  traffic  of  the  canal,  (mostly  coal)  increased  much  beyond 
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tlie  original  anticipation  ;  it  is  now  carrying  annually  about  1  250  000  toDft 
of  coal,  and  is  in  a  higlily  prosperous  condition. 

The  original  works  cost  about  $2  500  000.  This  sum  put  in  operation, 
106  miles  of  canal  of  generally  difficult  construction,  with  110  locks,  and 
16  miles  of  railway  with  an  elevation  of  about  1  900  feet.  The  company 
obtained  the  credit  of  the  State  for  a  loan  of  $800  000,  which  was  all 
punctually  refunded.* 

I  must  not  forget  to  notice  the  aid  I  received  in  arranging  the  details 
of  machinery,  from  Mr.  John  H.  McAlpine  (the  father  of  Mr.  William  J. 
McAlpinef).  Mr.  McAlpine  was  an  accomplished  machinist,  to  whose 
superintendence  I  intrusted  the  machinery  department,  in  which  he 
performed  his  duties  in  a  very  satisfactoiy  manner.  While  in  this 
service,  Mr.  McAlpine  introduced  to  me  his  son  William,  and  requested 
that  I  should  put  him  in  one  of  the  engineering  parties.  The  son  waa 
then  about  sixteen  years  old,  a  light,  but  active  and  pleasant  boy. 
Advancing  from  station  to  station,  he  was  many  years  in  my  employ  ;. 
manifesting  capacity,  industry  and  fidelity,  he  was  one  of  my  most- 
esteemed  assistants.  His  subsequent  career  and  standing  is  before  the 
world,  as  among  the  eminent  engineers  of  the  country.  He  is  still  in 
the  vigor  of  manhood,  and  can  tell  his  own  story. 

The  Mohawk  &  Hudson  Eailway.— In  May,  1830,  I  left  the 
service  of  the  Delaware  &  Hudson  Canal  Company,  except  that  I  waa 
to  make  occasional  visits  to  the  work  for  the  then  ensuing  year,  and 
accepted  the  appointment  of  Chief  Engineer  of  the  Mohawk  &  Hudson 
Railway.  This  line  extended  from  Albany  on  the  Hudson  to 
Schenectady  on  the  Mohawk.  Its  main  object  was  the  transportation 
of  passengers.  At  that  time,  passenger  boats  on  the  Erie  canal  brought 
passengers  from  Buffalo  to  Schenectady,  and  together  with  the  stage 
coaches,  transported  a  lai'ge  number. 

The  intermediate  country  was  a  table  land  of  a  fair  character  for  a 
good  line  and  easy  grades  ;  but  that  was  reached  by  a  sudden  rise  of  near 
200  feet  from  the  Hudson,  and  over  100  feet  from  the  Mohawk.  These- 
rises  were  at  that  time  regarded  as  requiring  inclined  planes,  worked 
by  stationary  engines.  Consequently,  this  railway  was  constructed  with 
an  inclined  plane  at  each  end.  The  adhesive  power,  the  means  of 
transmitting  power  by  locomotive   engines,  was  then    regarded  much 


*  I  send  to  the  Society,  a  number  of  tbe  plans  of  structures  on  the  Delaware  &  Hudson. 
Canal  and  the  Carbondale  Railroad,  which  I  have  preserved, 
t  Member  and  Past  President  of  the  Society. 


50 

■below  what  it  was  subsequeutly  fouud  to  he.  After  working  with  the 
inclined  planes  a  few  years,  their  iuconveuieuce  for  a  miscellaueous 
traffic  was  demonstrated,  and  a  commission  appointed  to  ascertain  the 
practicability  of  dispensing  with  them.  I  was  a  member  of  the  com- 
mission, and  examined  the  engineering  view  of  the  question.  We  found 
a  line  rising  from  Albany  at  a  grade  of  80  feet  per  mile,  and  from 
Schenectady  of  40  feet  per  mile,  which  the  commissioners  recommended; 
-the  line  was  accordingly  changed  in  this  respect,  and  has  subse- 
quently been  worked  by  locomotive  steam  power. 

This  railway  was  constructed  witli  a  double  track.  It  had  the  ordi- 
nary features  of  railways  at  that  time  constructed  in  this  country — namely 
-a  wooden  rail  caj)ped  with  a  i)late  of  iron,  which  in  the  excavations  was 
laid  on  stone  blocks,  and  on  embankments,  with  timber  cross-ties.  While 
in  use,  the  inclined  planes  worked  very  smoothly,  and  I  believe,  no 
serious  accident  occurred. 

A  locomotive  engine  was  made  for  this  line  by  the  West  Point  Foun- 
dry Association.  It  weighed  between  4  and  5  tons,  had  4  wrought  iron 
wheels,  and  carried  from  75  to  125  passengers  in  a  train,  at  a  speed  of  25 
miles  i^er  hour.  A  second  locomotive  was  obtained  from  the  works  of 
Bobert  Stevenson,  England,  which  weighed  about  7  tons,  and  was  much 
more  powerful  than  the  other.  The  first  was  named  I»e  Witt  Cliuton, 
and  the  second,  John  Bull.  The  action  of  the  John  Bull  was  observed  to 
be  rather  severe  on  this  kind  of  rail.  It  being  i^laeed  on  4  wheels, 
the  overhanging  caused  a  sharp  and  disagreeable  motion  of  the  engine. 
This  circumstance,  with  othex's  that  came  under  my  observation,  induced 
me  to  seek  some  remedy  for  the  weight,  and  to  secure  a  more  steady 
•motion.  The  idea  of  more  wheels  was  natural  for  the  first  object,  but  to 
spread  the  base  was  sujjposed  unfavorable  for  curves  ;  and  I  was  finally 
led  to  the  plau  of  a  4  wheeled  truck  under  the  forward  i^art  of  the  engine, 
■as  a  sup23ort  for  that  end,  and  as  a  guide.  By  this  I  had  4,  instead  of  2, 
wheels  and  could  jilace  the  trucks  so  far  from  the  drivers  as  to  cause 
less  vibrating  motion.  A  new  engine  was  built  by  the  West  Point 
Foundry  Association  on  this  plau,  and  the  truck  was  found  to  work  satis- 
factorily. I  then  made  a  new  plan  for  an  engine  for  the  Schenectady  & 
-Saratoga  Railway  (of  which  I  was  the  Chief  Engineer),  and  sent  it  to  Mr. 
Stevenson,  who  built  the  engine.  This  engine  weighed  about  6  tons  ;  it 
.moved  with  perfect  beauty,  and  I  may  be  pardoned,  I  think,  in  saying 
that  my  first  ride  on  it  was  a  great  delight.  The  smooth  action  of  its 
parts,  and  the  steadiness  of  its  motion  gave  me  great  satisfaction.     A 
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year  or  two  later,  the  railway  was  extended  westward,  and  from  time  to^ 
time,  contimied,  until  it  reached  the  Pacific  Ocean  at  San  Francisco.  On 
the  entire  route,  the  truck  arrangement  was  considered  as  a  complete 
snccess,  and  is  now  the  general  plan  of  American  locomotives.  The- 
truck  itself  was  not  a  new  idea  with  me  ;  it  had  in  i^rinciple  been  used 
but  was  very  generally  supposed  to  be  impracticable  for  high  speed. 

The  Mohawk  &  Hudson  and  the  Schenectady  &  Saratoga  Eailways 
were  completed,  and  in  April,  1833,  I  engaged  with  the  Canal  Commis- 
sioners of  New  York,  as  Chief  Engineer  for  the  Chenango  canal. 

The  Chenango  Canal  is  about  98  miles  long  and  has  about  100  locks. 
The  cost  was  about  $2  000  000;  it  extended  from  Utica  on  the  Mohawk 
river,  through  the  Oriskany  and  Chenango  valleys  to  Binghampton  on 
the  Susquehanna.  The  route  was  moderately  favorable.  The  most  dis- 
tinctive feature,  is  the  resort  to  artificial  reservoirs  to  supply  its  summit 
with  water.  At  the  day  this  canal  was  commenced,  it  is  believed  no 
such  dependence  was  relied  on,  to  supply  canals  in  this  countiy.  Such 
means  had  been  adopted  to  supply  canals  in  Europe,  and  it  had  been  held 
that  one-third  of  the  rain-fall  could  be  depended  on,  over  the  loss  by  ab- 
sorption and  evaporation.  As  this  ratio  would  vaiy  in  different  situa- 
tions, I  decided  to  establish  a  rain  gauge  and  a  sluice  for  measurino-  the 
water  that  flowed  from  the  valley.  On  one  of  the  valleys,  this  was  at- 
tended to  daily  for  one  year,  and  on  another  valley,  from  June  to  Decem- 
ber. Mr.  William  J.  McAlpine  was  the  Resident  Engineer  on  the  Sum- 
mit Section  and  had  charge  of  the  rain  and  sluice  gauges.  The  matter 
was  diligently  attended  to,  and  the  result  from  these  gauges  was  to 
establish  40  per  cent,  as  the  proportion  of  rainfall  which  on  an  average 
soil  could  be  secured  in  a  reservoir.* 

During  the  time  of  my  engagement  as  the  Chief  Engineer  of  the  Che- 
nango canal,  the  traffic  on  the  Erie  canal  had  been  so  large,  that  measures 
were  in  contemiilation  to  double  the  locks  and  to  enlarge  the  canal. 

Erie  Canal  Enlargement. — The  Canal  Board  had  decided  to  enlarge 
the  section  to  5  feet  depth  and  50  feet  width.  This  decision  was  not. 
fully  approved  as  being  adequate  to  the  wants  of  the  future  traffic,  and 
the  matter  was  discussed  by  the  public,  which  caused  indecision  and  sus- 
pended operations.  My  connection  Avith  Commissioner  Bouck  on  the 
Chenango  canal,   led  to  much  conversation  on  this  matter,  and  at  his  re- 


*  The  plan  for  one  of  these  reservoira  aa  also  for  other  strncturea  on  thia  canal  will  ba 
found  in  the  folio,  labelled  Chenango  Canal  and  Erie  Canal  Enlargement,  in  the  Society's 
Rooms. 
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quest,  I  investigated  the  question  of  the  ratio  the  sections  of  boats  should 
bear  to  the  section  of  canal,  deducing  the  comparative  economy  of  trans- 
portation. Without  dwelling  on  preliminary  facts,  I  may  state  these 
discussions  led  the  Canal  Board  to  order  a  careful  survey  of  the  work, 
and  estimates  to  be  prepared  on  the  basis  of  enlargement  to  a  depth  of  6 
and  also  7  feet  of  water,  the  widths  being  respectively  60  and  70  feet. 

In  accordance  with  the  above,  engineers  were  appointed  to  make  the 
examinations  on  the  respective  sections  as  directed  by  the  Commis- 
sioners, and  to  the  writer  the  Eastern  Section  was  assigned.  The  sur- 
veys and  e.stimates  were  made  in  1835.  The  surveys  of  this  section 
were  made  by  Mr.  William  J.  McAlpine,  avIio  at  that  time  was  one  of  the 
Resident  Engineers  on  the  Chenango  canal.  Though  I  was  in  charge  as 
Chief  Engineer  of  this  canal,  I  gave  a  large  share  of  personal  attention  to 
the  question  of  enlargement.  It  had  appeared  to  me  that  errors  had 
been  made  in  the  original  work  which  it  was  important  to  correct,  as  far 
as  practicable,  in  the  enlargement.  At  a  point  about  8  miles  above 
Albany,  commenced  the  location  of  what  was  termed  the  "  nine  locks." 
In  a  distance  of  about  2  miles  there  were,  I  think,  17  locks.  At  one 
cluster  the  9,  and  at  another  the  4  locks,  had  much  contracted  pond 
reaches,  which  was  found  to  be  very  unfavorable  to  the  large  traffic 
that  then  existed.  I  directed  Mr.  McAlpine  to  commence  a  survey  at  a 
point  about  1  mile  below  the  9  locks,  to  run  the  level  above  the  4  locks, 
and  ascertain  if  it  was  jiracticable  to  find  ground  on  Avhich  these  locks 
could  be  located  so  as  to  give  a  pretty  uniform  space  for  the  pond  reaches 
between  them.  The  ground  was  pretty  rough  and  rocky,  but  a  satis- 
factory location  w^as  found,  that  allowed  the  locks  to  be  very  evenly  dis- 
tributed on  a  new  line  about  3^  miles  in  length.  I  therefore  recom- 
mended the  Commissioners  to  abandon  the  old  for  the  new  line;  this  was 
done  and  the  new  line  constructed,  which  has  proved  a  veiy  satisfactory 
imjirovement. 

A  short  distance  beyond  the  point  above  referred  to,  the  canal  line 
crossed  the  Mohawk  river  to  the  north  side,  was  continued  on  that  side 
12  miles,  and  then  crossed  back  to  the  south  side  of  the  river.  This 
involved  two  aqueducts  over  the  river,  averaging  each,  near  1000  feet  in 
length.  I  had  a  line  continued  on  the  south  side  of  the  river,  wdth  a 
view  to  judge  of  the  propriety  of  dispensing  with  the  aqueducts.  The 
surveys  and  estimates  induced  me  to  recommend  the  abandonment  of 
the  canal  on  the  north  side,  and  of  course  the  two  aqueducts,  and  to 
adopt  the  new  line  on  the  south  side  of  the  river.     On  this  question  the 


Caual  Board  was  equally  divided,  and   of  course,  the  recommendation 
was  not  adopted. 

The  next  point  of  importance  in  changing  the  original  plan,  was  on  a 
section  from  Schoharrie  creek,  to  a  point,  4  miles  above.  On  the  -west 
bank  of  Schoharrie  creek,  the  canal  w'as  locked  into  it,  and  by  means 
of  a  dam,  a  pool  was  made  as  the  channel  of  the  canal  across  the  creek. 
At  the  point  4  miles  above,  was  another  lock,  and  about  midway  on 
this  section,  a  pretty  large  creek,  though  much  smaller  than  the 
Schoharrie,  crossed  the  canal  by  means  of  a  dam.  These  were  turbulent 
streams,  and  often  the  source  of  much  vexatious  trouble  to  the 
navigation.  I  proposed  to  take  up  the  2  lift  locks,  by  which  the  level  of 
the  canal  was  raised  sufficient  to  cross  over  both  the  streams  by 
aqueducts.  This  change  the  Canal  Board  sanctioned,  and  it  has  been  a 
great  benefit  to  the  navigation. 

There  were  other  streams  crossed  by  means  of  dams  for  which  I 
arranged  the  levels,  so  as  to  be  crossed  by  aqueducts.  This  method 
provided  for  putting  small  streams  under  the  canal  by  means  of  culverts, 
many  of  which  from  the  low  level  had  been  allowed  to  flow  into  the 
canal.  At  the  Little  Falls  of  the  Mohawk,  I  wholly  rearranged  the 
flight  of  locks. 

The  surveys  on  the  canal  west  of  my  section  were  made  by 
Messrs.  Nathan  Eoberts,  F.  C.  Mills,  and  Holmes  Hutchinson,  The 
instructions  of  the  Canal  Board  did  not  propose  nor  ask  the  several 
engineers  to  express  opinions  as  to  what  size  they  regarded  most 
appropriate,  but  Mr.  Roberts  and  Mr.  Hutchinson  had  given  their 
opinion  in  submitting  their  report.  On  discovering  this,  Mr.  Mills  and 
myself  made  a  special  report  on  this  point.  We  declared  in  favor  of  8 
feet  depth  and  80  feet  width,  which  was  the  size  I  had  regarded  most 
suitable.  The  Canal  Board,  however,  decided  on  70  feet  width  and  7 
feet  deep,  and  it  has  been  so  constructed.  The  plan  of  stone  arches  for 
the  towing-path  on  the  aqueducts,  when  the  height  required  a  timber 
trunk  for  the  boat  channel,  was  jiroposed  by  me  at  the  same  time,  and 
has  been  adopted  in  the  suljsequent  works  on  the  canal. 

Early  in  the  year  188fi,  the  Caual  Board  decided  to  proceed  with  the 
improvement  as  above  stated,  and  on  the  Eastern  Division  to  make 
double  locks.  Plans  and  si^ecifications  of  the  work  were  proposed,  and 
contracts  made  early  in  the  summer  of  1836,  and  the  work  commenced. 
With  Mr.  William  J.  McAlpine  as  Principal  Assistant,  I  was  appointed 
Chief  Engineer  of  the  Eastern  Division. 
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No  one  appreciated  more  than  I,  the  importance  of  substantive  and 
durable  works,  but  unfortunately  at  that  time,  there  was  so  high  an 
estimate  of  the  value  of  the  canal,  that  the  ideas  of  men  were  extrava- 
gant, and  advocated  work  of  an  expensive  character,  that  was  in  no  way 
more  substantial  or  useful.  This  induced  a  more  or  less  expensive 
policy,  that  increased  the  cost  of  the  work  much  beyond  what  was- 
necessary.  I  had  recommended,  that  the  chambers  of  locks  for  a  canal  7 
feet  deep  by  70  feet  top  width,  should  be  16  feet  wide  and  115  feet  be- 
tween the  gates.  The  Canal  Board,  on  the  petition  of  navigators,  increased 
the  width  to  18  feet,  which  I  regarded  a  decided  eiTor.  A  navigation  with 
few  boats  may  be  conducted  on  a  comparatively  narrow  channel ;  but  for 
a  large  traffic,  there  is  a  proper  relation  between  the  area  of  boat  and  area 
of  channel  that  secures  the  best  economy  in  transportation.  The  boat- 
man will  make  the  boat  as  wide  as  he  can  pass  the  locks,  with  simply 
room  to  i^ass  on  the  oi^en  canal.  They  analyze  nothing,  but  suppose  the 
acme  of  economy  is  in  the  largest  possible  load  they  can  carry  ;  very 
much  on  the  theory  of  most  railway  superintendents  who  consider  the 
largest  possible  train  as  securing  the  best  economy  in  transportation, 
with  no  more  attemj^t  at  scientific  analysis  than  that  of  the  boatman.  It 
is  now  the  opinion  of  the  most  intelhgent  navigators  of  the  canal,  that  the 
locks  are  too  wide  for  the  best  economy  of  transportation. 

The  Croton  Aqueduct. — In  September,  1836,  a  committee  of  the 
Croton  Aqueduct  called  on  me  with  a  ijropositiou  that  I  should  accept 
the  position  of  Chief  Engineer  of  that  work,  and  in  October  following,  I 
accepted  the  position.  The  Canal  Commissioner  (Hon.  William  C.  Bouck), 
with  whom  I  was  especially  associated,  was  reluctant  to  have  me  leave 
the  canal,  but  said  he  would  not  object  to  my  accepting  the  charge  of  the 
Aqueduct  if  I  thought  it  my  interest  to  do  so'.  I  have  been  charged 
with  intriguing  for  the  engineership  of  this  work,  but  that  is  an  entire 
mistake,  as  I  had  not  mentioned  the  subject  to  any  one,  and  consequently 
was  quite  surprised  at  receiving  the  proposition.  AU  the  intercourse  I  had 
had  on  the  subject,  was  an  answer  to  a  letter  of  the  Chairman  of  the  Croton, 
Aqueduct  Board,  requesting  me  to  send  him  any  copies  I  had  of  the  forms 
of  contract  and  specifications  of  the  State  canals,  in  which  there  was  not 
the  least  allusion  to  my  having  anything  to  do  with  the  work.  At  first  I 
declined  the  offer,  not  feeling  willing  to  interfere  with  Major  Douglass, 
■who,  I  knew,  had  a  high  estimate  of  the  professional  importance  of  the 
work.  But  the  committee  placed  the  matter  on  the  distinct  ground 
that  they  had  decided  a  change  was  necessary,  that  I  was  preferred,  and 


00 

if  I  (lid  not  accept  they  should  seek  some  one  else,  and  they  wished  me  to 
consider  Major  Donglass  as  out  of  the  question.  Under  such  circum- 
stances, I  saw  no  impropriety  in  accej>ting  a  position  that  appeared  pro- 
fessionally desirable,  and  offered  without  the  least  effort  or  knowledge  on 
my  part.  Accordingly  I  resigned  my  position  on  the  Erie  Canal  Enlarge- 
ment, and  Mr.  McAlpiue,  my  Principal  Assistant,  was  appointed  to  suc- 
ceed me. 

Surveys  had  been  commenced  in  1833,  with  a  view  to  examine  the 
feasibility  of  introducing  the  waters  of  the  Croton  viver  into  the  city  of 
New  York.  Major  1).  B.  Douglass  was  occupied  during  the  seasons  of 
1833-34,  and  made  estimates  and  reports  of  his  surveys.  Mr.  John 
Martineau  was  engaged  on  tlie  same  in  1834.  They  made  independent 
surveys  and  reports  to  the  Board  of  Water  Commissioners,  and  sub- 
stantially agreed  in  recommending  the  Croton  as  the  best  source  for 
supplying  New  York  with  water.  In  neither  case,  was  there  much 
presented  as  to  definite  jjlans  of  the  works,  by  which  the  object  was  to 
be  secured  ;   these  were  left  in  general  form,  for  future  elaboration. 

In  the  spring  of  1835,  the  city  of  New  Y''ork  accepted  the  i^lan  and 
authorized  the  Board  of  Water  Commissioners  to  proceed  with  the  con- 
struction of  tlie  work.  Messrs.  Stephen  Allen,  Saul  Alley,  Cliarles  Dusen- 
berry,  Benjamin  M.  Brown,  and  William  W.  Fox  constituted  the  BoarS. 
They  appointed  Major  Douglass,  Chief  Engineer,  and  instructed  him  to 
proceed  to  locate  the  line  and  prepare  plans  and  specifications  for  the 
work.  He  made  the  location  of  the  line  of  aqueduct  from  the  Croton 
river  to  the  North  l)ank  of  the  Harlem  river,  33  miles  ;  and  determined 
the  grade  of  the  aqueduct  at  about  13 i  inches  to  the  mile.  It  was  in  the 
main,  well  located. 

In  regard  to  plans  of  work,  he  proposed  a  cross  section  of  the  masonry  of 
the  conduit,  which  with  some  modification  was  a-lopted.  So  far  as  I  have 
known,  he  prepared  no  specifications  for  tlie  wcn-k  that  were  apjiroved  by 
the  Commissioners.  I  am  thus  particular,  for  the  i-eason  that  Major  Dou- 
glass' friends  have  claimed  for  him  the  credit  of  preparing  the 
plans  on  which  the  work  was  constructed.  In  a  Iditiou  to  the  above, 
some  plans  of  liridges  and  culverts  were  pr>?pared  by  him,  but  none  of 
them  were  adopted.  He  had  been  occupied  on  the  work  as  Chief  En- 
gineer about  one  and  a  half  years  after  it  was  authorized.  In  whatever 
follows,*  the  plans  and  specifications  of  the  several  works  wei  e  prepared 

•  I  Bliall  not  RO  into  particulars  in  relation  to  the  plane,  except  it  may  be,  in  refj;  rd  to  son  e 
pecwliariiies,  as  I  have  prepared  a  folio  of  the  drawings  and  of  upecificationa  of  tlie  manner  of 
work,  which  is  at  the  rooms  of  the  Society,  and  to  which  I  refer. 
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by  the  wi'iter  exclusively.      I  proceed  to  give  soin_^  piU-tieuLiis  of  the 
more  important  plans  of  the  work. 

TTie  Dam  acroax  the  Croion.  Hirer  was  proposed  for  the  head  of 
the  aqueduct,  aud  required  to  be  al)ove  the  surl'ace  of  the  river,  40  feet, 
to  meet  the  grade  of  the  aqueduct  at  its  head.  The  south  side  of  the 
river  was  a  rook,  risiug  from  the  water  at  about  1  to  14  to  the  head  of  the 
aqueduct.  The  dam  auvl  its  abutments  on  the  river  side  were  built  on 
rock,  and  the  extension  of  the  weir  was  made  by  excavatiug  the  rock  into 
the  hill.  But  I  need  not  take  space  for  this  part  of  the  work.  The 
length  of  the  Aveir  was  too  short  for  the  flood  that  came  just  l)efore  the 
dam  was  completed,  and  the  embankment  that  connected  the  dam  with 
the  north  shore  of  the  river  gave  away.  The  masonry  of  the  dam  was 
not  at  all  disturbad  by  the  flood,  though  the  water  rose  12  feet  above  the 
level  of  the  overfall  or  lip  of  the  dam.  The  distance  from  the  abutment 
to  the  hill  on  the  north  side  of  the  river,  was  about  200  feet.  I  had 
hoped,  by  confining  the  dam  to  the  rock  on  the  South  side,  to  secure  the 
benefit  of  the  rock  to  break  the  fall  of  water  iu  times  of  fiood,  which 
would  have  been  very  well  had  the  length  of  weir  been  sufficient.  The 
result  showed  this  to  be  an  error  ;  I  then  recommended  that  the  dam  be 
carried  entirely  across  from  the  old  abutment  on  the  south  side  to  the 
high  grounds  on^the  north  side,  making  an  extension  to  the  weir  of  the 
dam,  of  180  feet. 

There  was  no  rock  for  a  foundation  at  this  part,  and  all  the  works 
required  to  be  artificial.  The  great  point  in  such  cases,  is  the  means  of 
counteracting  the  fall  of  a  large  body  of  water,  over  artificial  works  40  feet 
high.  The  plans  show  this  to  be  done,  by  giving  a  curved  form  to  the 
lower  side  of  the  dam,  by  which  the  course  of  falling  Avater  is  gradually 
changed  from  a  vertical  to  a  horizontal  direction,  when  it  reaches  the 
apron  and  the  reaction  of  the  water  in  the  river  below.  The  curve  in 
this  case  has  worked  very  satisfactorily,  the  water  in  a  high  or  low  stage, 
following  close  on  the  face  of  the  masonry.  There  was  no  reasonaVilo 
way  of  turning  the  course  of  the  river  during  the  erection  of  the  work, 
and  no  means  to  provide  for  the  water  except  the  waste  culvert  in  the  old 
dam,  which  was  about  (>  feet  above  the  sxirface  of  the  river.  The  ordinary 
width  of  the  river  Avas  about  100  feet,  and  the  greatest  depth  of  water,  15 
feet.  The  cuh^ert  above  mentioned  and  temporar}  sluices  over,  Avere  the 
only  means  for  protecting  the  work,  in  floods  that  occasionally  occurred 
iu  the  river.     It  will  readily  be  realized  that  for  the  long  time  required, 
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this  waa  a  work  involving  great  anxiety,  in  any  prospect  of  rain.  The 
first  season,  the  work  was  carried  up  about  half  its  height,  and  then 
covered  bj"  a  plank  and  timber  ai^roning,  to  protect  it  from  the  winter 
and  spring  floods.  Through  the  kind  i)rovidence  of  God,  the  storm  was  so 
tempered  that  the  work  proceeded  until  completed,  with  little  interrup- 
tion, except  that  of  the  winter. 

Though  varied  methods  were  adopted  in  preparing  the  foundation, 
and  bringing  the  work  up  to  the  surface  level  of  the  river,  there  has 
occurred  no  settlement  to  mar  the  work  or  materially  to  affect  its  level. 
So  far  as  I  know,  the  dam  is  in  no  essential  respect  impaired  after  33 
years'  use,  though  at  one  time  a  flood  rose  to  the.  height  of  8  feet  on  the 
crown  or  lip  of  the  dam. 

General  Work  of  the  Crolon  Aguedncf.— The  method  of  construct- 
ing the  conduit,  the  form  of  gi'ound  at  different  places,  the  ventilators, 
the  waste  weirs,  culverts  and  the  foundation  walls,  are  explained  by 
the  plans,  the  form  of  contracts,  and  the  specifications  sent  herewith. 

Smg  Sing  Bridge. — The  onh"  peculiarity  it  is  necessary  to  notice,  is 
the  plan  of  cast-iron  lining  for  the  conduit.  This  was  introduced  in  order 
to  guard  against  leakage  that  by  possibility  might  percuAate  through 
the  masonry.  There  was  good  reason  to  suppose  such  would  be  very 
small,  and  of  no  importance  as  to  waste  of  water  ;  but  in  this  climute, 
leakage  amounting  to  only  a  sweating  of  the  arch  stone  in  the  bridge 
masonry,  would  tend  to  disintegrate  the  most  durable  stone,  and  it  was 
therefore  important  to  arrest  it  by  every  means  jiracticable.  This  iron 
lining  appears  in  the  cross-section  of  the  conduit  over  the  bridge.  The 
method  has  been  in  the  main  successful,  though  it  requires  some  atten- 
tion to  correct  the  effect  of  longitudinal  contraction  and  expansion.  I 
would  recommend  for  such  cases,  an  iron  pipe,  put  together  with  faucet 
and  spigot  joint,  as  a  more  perfect  method.  Of  course,  it  Avould  require 
a  large  pipe  to  carry  the  water  of  the  conduit  without  extra  fall,  but  it  is 
practicable  to  cast  pipe  of  sufficient  size  for  the  Croton  conduit. 

The  centering  of  the  Sing  Sing  arch  was  on  the  plan  adopted  for  the 
Waterloo  bridge  at  London,  and  is  an  excellent  one  for  such  arches.  As 
an  evidence  of  the  close  joints  of  the  masonry  of  this  arch,  I  had  a  level 
taken  before  striking  the  centres,  and  found  the  settlement  of  the  arch 
was  less  than  half  an  inch.  The  work  in  this  arch  has  no  superior,  in 
comijarison  with  other  arches  of  this  size,  and  of  which  this  item  is  re- 
curded.     The  span  is  88  feet. 


The  Harlevi  River  Briih/e  is  about  one  quarter  of  a  mile  in  length, 
and  about  one-half  or  GOO  feet,  is  aemss  the  Harlem  river.  The  plan 
shows  the  bridge  to  be  about  114  feet  above  tide  water.  The  bed  of  the 
river  was  a  deep  mud,  interspersed  with  large  boulder  stone,  mostly  from 
500  pounds  to  2  tons,  and  some  of  much  greater  weight.  The  subsoil 
under  the  mud  was  in  some  places,  rock  in  place,  aud  at  other  parts  a 
clean  sand.  We  found  no  boulders  of  any  amount  after  striking  the 
sand.  The  depth  of  water  in  the  channel  was  about  20  feet.  In  the  deep 
part  of  the  channel  the'-e  was  only  very  little  mud.  The  boulders  men- 
tioned above,  were  very  troublesome  to  the  work  of  driving  the  sheeting 
timbers  of  the  coffer  dam.  After  the  coffers  were  emptied,  many  of  the 
sheeting  piles  w"ere  found  broken  into  sluA-ers,  which  caused  much  trouble 
in  managing  the  coffers.  In  the  line  of  the  coffer  sheeting,  many  of  the 
boulders  were  "lewised"and  hauled  out  from  10  to  15  feet  below  the 
surface  of  the  river.  Boulders  weighing  15  tons  were  so  removed,  but 
those  left,  gave  the  difficulty  referred  to. 

The  gi-eat  jjoint  in  supporting  a  briJge  of  this  height,  was  to  so  pre- 
pare the  foundations,  that  there  would  be  no  unequal  settlement  in  the 
masonry.  As  some  of  the  piers  were  on  solid  rock,  and  others  on  j^ile 
foundations,  it  was  a  subject  of  much  anxiety.  For  the  central  jjier  that 
came  in  the  channel,  the  excavation  within  the  coffer  dam  was  earned 
down,  nearly  40  feet,  without  finding  any  material  but  sand.  A  boring  in 
this  coffer  for  a  dejith  of  50  feet  showed  only  sand.  Piles,  12  inches  in 
diameter,  were  then  driven,  mostly  35,  and  some  40  feet  in  length. 
It  will  be  noticed,  these  piles  were  driven  to  a  depth  of  80  feet  in  some 
cases  below  the  surface  of  the  river,  or  194  feet  below  the  parapet  of  the 
bridge.  A  course  of  white  oak  timber  was  fitted  on  the  heads  of  each 
row  of  piles,  and  the  space  between,  filled  with  concrete  masonry.  Then 
a  second  course  of  white  oak  timber  was  put  aci'oss,  on  the  first  course 
over  the  piles,  and  the  spaces  filled  as  before.  On  this,  the  masonry  of  the 
pier  w^as  commenced.  The  foundation  was  made  much  larger  than  the 
shaft  of  the  pier,  with  offsets  to  about  the  surface  of  the  river.  In  all 
the  irile  foundations,  it  was  meant  to  give  such  breadth  as  would  be  a  pro- 
tection again;- 1  seltlemeut. 

The  bond  in  the  courses  of  masonry  in  the  jiiers,  was  thoroughly 
secured  by  i  repiiring  a  i:)lan  for  each  course,  and  requiring  every  stone 
to  conform  to  the  plan.  It  will  ba  noticed,  the  shafts  of  the  piers  are 
hollow,  which  was  rot  new,  as  it  had  been  practised  in  European  bridges. 
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This  bridge  lias  dotv  stood  about  tliirty  years,  aud  I  have  not  known  of 
any  faihire. 

The  j)lans  I  present,  will  show  the  arrangement  for  pipes.  It  was  made 
for  two  4-feet  pipes,  this  being  equivalent  to  the  capacity  of  the  ma- 
sonry conduit.  As  a  measure  of  economy,  and  a  plan  that  would  provide 
for  the  wants  of  the  city  for  many  years,  the  Water  Commissioners  de- 
cided that  3-feet  i^ipe  should  be  put  down,  to  be  replaced  with  4-feet  pipe 
when  necessary.  I  preferred  two  pipes,  as  affording  the  facility  for  re- 
pairing or  removing  one,  while  the  other  would  supply'  the  city.  The 
gate  houses  were  arranged  for  i-feet  pipe,  and  all  that  was  necessary  was 
to  take  up  one  line  of  3-feet  pipe  and  put  down  one  of  4-feet,  as  more  water 
was  wanted.  As  subsequent  events  have  shown,  it  would  have  been  the 
best  economy  to  have  put  the  4-feet  pipe  down,  in  the  original  construc- 
tion ;  for  in  some  way,  the  management  did  not  take  up  either  of  the  3-feet 
pipes  when  more  water  was  wanted,  but  placed  a  wrought  iron  pipe  over 
them,  raising  the  parapets  of  the  bridge,  and  incurring  a  much  larger  ex- 
pense than  would  have  been  required  by  the  4-feet  pipes  in  the  outset.  I 
protested  against  this,  as  marring  the  simplicity,  economy,  and  useful- 
ness of  the  original  plan,  but  I  had  not  then  any  official  charge,  and  my 
protest  was  unheeded. 

The  plans  referred  to,*  show  the  details  and  method  of  the  pipe  works 
across  Manhattan  valley,  and  description  does  not  appear  necessary. 
The  same  may  be  said  of  Clendining  bridge,  and  of  the  receiving 
reservoir. 

The  Dlstribuliny  Reservoir. — The  leading  feature  of  this,  is  the  plan  of 
hollow  walls.  The  retaining  walls  were  required  to  sustain  a  pressure  of 
40  feet  of  water.  The  natural  surface  of  the  gi-ound  was  about  the  level 
of  the  bottom  water  line  of  the  reservoir.  A  solid  retaining  wall  of  this 
height  would  require  to  be  very  thick.  A  single  thick  wall  has  the  objec- 
tion that  it  requires  more  time  to  ripen,  or  become  well  set  in  the  cement, 
and  further,  the  cost  of  such  a  wall  will  be  greater  for  the  same  support 
than  a  wall  having  a  broader  base  and  less  aggregate  material.  In  this  \aew, 
I  prepared  the  plan  of  a  hollow  wall,  that  is,  two  parallel  walls  connected 
by  cross  walls,  aud  the  cross  walls  connected  at  the  top  by  l)rick  arches. 
This  kind  of  work  was  carried  up  within  about  1'2  feet  of  the  top  or 
coping  of  the  reservoir,   and  then  a  single  wall  completed  the  work.     An 

*  For  a  list  of  the    plans   referred    to,    here  and  elsewhere   in  this  paper,    see  March 
Proceedings,  (Vol.  Ill,)  "  Arlditions  to  Library  and  Museum." 
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opening  was  left  in  the  cross  walls  so  that  a  man  may  go  round  the  whole 
and  discover  any  leak  there  may  be  in  the  masonry.  The  working  of 
this  plan  has  proved  veiy  satisfactory, 

I  send  herewith  a  description  of  the  Croton  Aqueduct,  written  in 
1842.  Some  slight  modifications  occniTed  in  the  unfinished  works  after 
this  was  written,  but  nothing  of  essential  importance. 

CocHiTUATE  OR  BosTON  AqrEDicT. — The  city  of  Boston  had  made 
an  unsuccessful  effort  to  procure  a  supi^ly  of  water.  The  difficulty  arose 
from  a  di\'ided  opinion  as  to  which  of  several  projects  was  the  best.  A 
Boai-d  of  Commissioners  had  reported  the  Cochituate  as  the  best  of  the 
several  projects,  but  the  oiiposition  of  the  friends  of  other  projects  was  st> 
strong,  that  the  measure  was  defeated  by  a  vote  of  the  citizens,  in  the 
spring  of  1845.  Xot  v.-il]iiig  to  abandon  an  enterprise  so  important  to 
the  interests  of  the  city,  the  City  Council  appointed  a  committee  to  insti- 
tute necessary  measures  to  secure  a  supply  of  water.  This  committee 
decided  to  select  a  commission,  consisting  of  one  person  from  the  city  of 
New  York,  and  one  from  Philadelphia,  to  make  an  investigation  of  all 
the  projects  that  had  been  presented,  and  report  such  as  they  should 
find  to  be  the  best. 

For  this,  they  engaged  Mr.  AVulter  JoJinson.  of  Philadelphia,  (a  Pro- 
fessor in  a  scientific  institution,)  and  the  writer  of  this  Memoir.  I 
went  to  Boston,  and  there  met  Mr.  Johnson,  and  the  meml^ers  of  the 
Water  Committee. 

After  making  some  general  examination,  it  was  apparent  to  me  that 
the  duty  was  essentially  a  matter  of  engineering,  and  that  under  the  cir- 
cumstances existing,  it  would  demand  very  careful  examination  and  gTe:it 
prudence  to  bring  out  successfully  the  varied  features  of  the  proposition. 
Not  having  any  previous  personal  acquaintance  with  my  associate,  with 
the  fact  that  he  was  not  professionally  an  engineer,  I  cimcluded  not  to 
enter  upon  the  service,  unless  the  engineering  was  placed  entirely  in  my 
hands.  This  decision  was  not  favorably  received  by  the  Committee  or 
Mr.  Johnson,  but  I  thought  "one  poor  general  was  better  in  command 
than  two  good  ones,"'  so  I  adhered.  The  Committee  urged  that  it 
wanted  the  moral  force  of  two  comjuissioners  ;  "very  Avell,"  I  said,  "the 
report  may  be  made  in  the  plural,  and  I  shall  have  no  objection  to  Mr. 
Jdhtisou  signing  it  with  me.  and  ho  may  be  charged  with  certain  duties 
that  will  not  conflict  with  the  general  engineering. ""  To  this  the  com- 
mittee assented,  and  the  investigation  proceeded. 
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I  engaged  Mr.  Heury  Tracy,  a  civil  engineer  of  experience  aiul 
aVnlity,  to  take  charge  of  the  snrve_y.s  and  estimates,  a  service  he  per- 
formed -wilh  prudence  and  ability.  In  about  five  months,  the  examina- 
tions and  report  were  completed,  by  tlie  recommendation  of  the 
Cochituate  as  the  best  source. 

As  a  suggestion,  that  may  be  useful  to  the  younger  members  of  tlie 
profession — I  kejit  strictly  my  OAvn  opinion  until  it  was  tested  by  the 
result  of  a  fidl  examination  ;  not  even  my  confidential  assistant  ever 
obtaii.ed  from  me,  the  least  expression  of  my  views.  Tliis  was  not 
because  I  was  afraid  to  trust  bim,  but  that  he  might  say  at  all  times,  he 
did  not  know  my  opinion.  In  such  a  case,  there  is  great  anxiety  with 
the  different  parties  to  obtain  knowledge  of  the  prospect  of  their 
respective  projects,  and  the  least  intimation  would  inevitably  lead  to 
discussion.  At  one  time,  the  Committee  was  impatient  to  get  my  views. 
My  associate  had  been  rather  leaky,  but  he  was  unable  to  quote  me,  and 
the  Committee  appeared  to  think  I  should  at  least  give  them  an  intima- 
tion. I  replied,  they  woidd  know  my  opinion  when  they  had  it  in 
writing  at  the  end  of  a  report.  They  were  not  satisfied,  and  seemed  to 
think  I  had  not  treated  them  with  proper  defei'ence.  In  the  final  result, 
they  expressed  thf  mselves  as  well  satisfied  with  the  course  I  had 
pursued.  The  report  of  the  Commissioners  was  generally  ssitisfactory, 
and  the  work  was  authorized  to  be  constructed. 

The  work  for  the  aqueduct  was  commenced  in  the  spiing  of  182(). 
The  Board  of  Water  Commissioners  whs  composed  of  three  member.s, 
Messrs.  Nathan  Hale,  James  Baldwin,  and  T.  B.  Curtiss  ;  Mr.  E.  S. 
Chesbrough,  v,as  appointed  Engineer  of  the  conduit  and  its  appurte- 
nances, and  'Sir.  William  E.  Whitwell,  of  the  i:)iping  in  the  city.  The 
writer  was  engaged  as  Con.siilting  Engineer,  and  continued  to  the  close 
of  1848,  when  the  works  were  completed,  and  the  water  introduced  in  the 
city,  with  enthusiastic  demonstrations  by  the  citizens.  Any  further 
de.scription  I  properly  leave  for  the  acting  engineers,  who  had  charge  of 
the  construction  of  the  work. 

The  Hi'dson  River  EAn^WAY. — Some  surveys  and  estimates  had 
been  ixiade  for  this  enterprise,  mostly  by  the  aid  and  influence  of  Mr. 
James  Boorman,  a  wealthy  and  spiiited  merchant  of  New  York.  The 
project,  howevei',  did  not  obtain  much  favor  with  the  public.  It  was 
generally  regarded  as  unpromising,  in  view  of  the  conqjetition  of  the 
excellent  navigation  of  the  Hudson  river.     In  the  summer  of  1815,  Mr. 
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Boorman  called  ou  me,  to  eulist  my  services  in  tlie  examination  of  the 
project.  I  had  a  favorable  opinion  of  the  enterprise,  but  ^vell  understood 
the  difficnlty  in  convincing  capitalists  that  it  would  be  a  commercial 
success.  The  general  character  of  the  country  for  such  a  work  clearly 
indicated  that  it  would  be  expensive,  and  the  ct)mpetition  it  must  meet 
from  a  steamboat  navigation  conducted  on  a  magnificent  scale,  led  the 
public  to  regard  it  as  an  extremely  hazardous,  if  not  a  hopeless  enter- 
prise. After  considering  the  proposition  of  Mr.  Boormau,  I  decided  to 
engage  upon  the  work,  and  during  the  ensuing  autumn  employed  Mr. 
Heniy  Tracy  to  make  such  surveys  as  the  season  and  limited  funds 
would  permit. 

Having  given  my  attention  to  the  project,  I  devoted  much  time  to 
gathering  and  analyzing  statistics,  mostly  as  to  paeseuger  trafhc.  Mr. 
Tracy  conducted  the  surveys  with  great  skill,  and  for  the  limite.l  means 
he  had,  obtained  important  information.  His  services  were  directed  to 
the  section  between  New  York  and  Fishkill,  about  fiO  miles.  For  the 
balance  of  the  line,  the  survey  of  Mr.  Morgan — which  left  the  river  at 
Fishkill,  and  pursued  an  inland  route — and  his  report,  was  the  basis  of 
the  report  I  made  to  a  company  of  citizens  in  January,  18it). 

Under  this  report,  a  charter  for  a  company  was  obtained  and  the  cor- 
poration organized.  Generally  the  ])ublic  mind  was  sceptical,  and  sub- 
scriptions to  the  capital  stock  j^rogre.ssed  slowly.  The  indomitable 
energy  of  Mr.  Boorman  succeeded  in  raising  the  amoniit  to  $3  000  000. 
Loans  were  depended  on,  for  the  Vmlanee  i*fequired. 

From  the  general  want  of  confidence  in  the  undertaking,  the  organ- 
ization was  not  perfected  until  late  the  following  winter.  In  the  spring 
of  1817,  the  Board  of  Directors  appointed  the  writer,  Chief  Engineer  of 
the  rtiilway,  and  proceedings  were  had  to  commence  the  work  soon 
after. 

As  surveys  for  actual  location  proceeded,  it  Avas  soon  evident  there 
were  obstacles  to  be  encountered  that  had  been  very  imperfectly  developed 
by  the  limited  character  of  the  original  surveys.  The  rock  cuttings  in 
the  Highland  districts  proved  to  be  unusually  difficult  of  excavation. 
Very  little  earth  could  be  had  in  this  district  for  the  fillings,  and  to 
make  these  of  rock  cuttings,  especially  in  those  places  where  the  fillings 
sunk  to  a  gTeat  de]:)th  in  the  mud,  was  very  expensive.  Tlie  long  line  of 
exposure  to  the  surf  of  the  river  was  a  serious  mattm-.  The  great  diffi- 
culties of  the   work   lay  between  New  York  and  Poughkeepsie.      Above 


63 

the  latter  plac3,  the  rock  was  of  a  slaty  character  and  easily  excavated, 
find  the  shore  had  less  exposure  to  the  action  of  the  river. 

After  a  more  careful  examination  of  the  inland  route,  and  also  by  a 
survey  of  the  river  route  made  by  Mr.  John  T.  Clark,  an  Assistant 
Engineer,  I  made  a  report  to  the  Board  of  Directors  in  January,  1848. 
In  this,  I  recommended  the  adoi)tion  of  the  river  route  for  the  Avhole  line. 
This  re])ort  was  approved,  and  the  work  has  been  constructed  on  the 
river  route.  It  was  open  for  transportation  to  Ponghkeepsie  about  the 
close  of  1849.  For  the  most  part,  this  section  of  the  railway  was 
graded  for  a  double  track,  but  only  a  single  track  was  laid  at  this  time. 
No  Avork  of  constrm-tiiui  had  \)een  done  above  Ponghkeepsie. 

In  August,  1849,  I  resigned  the  position  of  Chief  Engineer,  and  Mr. 
W.  C.  Young  was  appointed  in  my  place.  I  continued,  however,  as  Con- 
sulting Engineer  until  the  spring  of  1850.  At  this  time,  I  found  that  my 
views  in  regard  to  the  management  and  oijeratiou  of  the  railway  did  not 
harmonize  with  those  of  Mr.  Boorman,  and  I  tl)eref<u-e  resigned  and 
have  had  no  connection  with  it  since  then. 

It  is  inipo.'^sible  at  this  day,  for  any  one  not  engaged  in  the  persistent 
efforts  of  the  time,  to  appreciate  the  hardy  character  of  this  enterprise. 
The  financial  and  engineering  diificulties  were  very  great.  In  regard  to 
the  former,  I  can  hardly  conceive  that  more  could  have  l)ecn  done  than 
was  effected  liy  Mr.  Boorman  and  a  very  resi)ecta])le  Board  of  Directors. 
In  regard  to  the  latter,  the  natural  impediments  were  rendered  esi)ecially 
severe  by  difficulties  of  finance.  These  in  the  face  of  comijetition  from 
steamboats  of  great  magnificence  effecting  very  cheap  transportation, 
and  the  incredulity  of  the  public  mind  as  to  the  capacity  of  the  railway 
to  maintain  such  competition,  rendered  the  iirosecution  of  the  work 
extremely  embarrassing. 

The  landed  proprietors  along  the  route  were  in  general  very  hostile 
to  the  enterprise,  declaring  it  would  destroy  the  natural  beauty  of  the 
country  as  well  as  fail  in  its  commercial  object.  On  this  point  I  had 
claimed  that  the  natural  scenery  would  be  improved  ;  the  shores  washed 
by  the  river  would  be  protected  by  the  walls  of  the  railway,  and  the 
trees,  no  longer  undermined  and  thrown  down  by  the  river  surf,  would 
grow  more  beautiful ;  and  that  the  railway  thus  comV>iniug  works  of  art 
with  those  of  nature  would  improve  the  sceneiy.  For  this  I  -was  freely 
reproached  as  scarcely  less  than  a  barbarian.  As  to  my  very  modest 
statement,  that  the  railway  trains  would  be  able  to  travel  at  the  rate  of 


64 

30  miies  pev  hour.  I  was  called  to  act-onnt  iu  some  very  det-ided  poetic 
effusions. 

I  wrote  an  article — published  iu  Ili(ut')<  Mercltaiils  MiKjaziue,  iu  Novem- 
ber, 184:G — in  whicli,  disen.s.siug  the  subject  generally,  I  took  the  ground 
that  uot  only  along  the  Hudson,  but  also  on  other  steamboat  routes,  the 
railway  would  be  a  successful  competitor.  In  this  article,  speaking  of 
railways,  I  said — "  The  system  is  viewed  as  one  that  mocks  the  age,  its 
jirogress  has  startled  the  mo.st  cautious,  its  developments  are  revolution- 
izing the  social  and  commercial  affairs  of  mankind."  This  was  criticised 
as  a  very  iiresumptuous  statement.  I  notice  these  matters  as  curiosities 
of  the  time.  At  this  day  it  would  be  difficult  to  find  any  landholder,  or 
steamboat  man,  to  assert  the  same  things.  The  railway  has  traveled  on, 
and  more  than  reached  the  position  then  claimed. 

Et'kopeax  Totie.  — On  the  closing  of  my  connection  with  the  Hudson 
River  Railway  iu  the  spring  of  1850, 1  concluded  to  make  a  trip  to  Europe. 
My  health  had  been  impaired  by  severe  aud  long-continued  labor,  and  I  had 
for  some  time  indulged  a  desire  to  make  sucli  a  tour,  hence  I  embraced 
the  oijportunity.  The  trip  was  of  great  interest,  and  afforded  me  nuich 
pleasure. 

It  so  ha})pened  that  while  I  was  there,  one  of  the  large  tubes  of  the 
bridge  over  the  Menai  Htraits  was  to  be  launched.  Mr.  R.  Stephenson 
kimlly  gave  me  an  invitation  to  witness  the  operation.  The  spectacle 
was  highly  interesting  in  itself,  and  was  followed  by  an  invitation  to  dine 
with  a  jjarty  of  English  engineers,  an  occasion  I  enjoyed  very  much.  I 
noticed  that  they  far  excelled  me  in  making  speeches,  which  was 
quite  tlie  order  at  dinner.  It  was  an  art  I  had  not  cultivated,  aud  I 
ex2)res.sed  to  them  my  surprise  at  the  skill  they  exhibited  in  this 
respect.  It  is  uot  worth  while  to  go  into'particulars  of  this  tour.  I  will 
simiily  state  that  my  observations  \verc  mostly  on  engineering  work  which 
interested  nie-  very  much. 

I  returned  after  an  ab.sence  of  four  months,  greatly  improved  in 
health,  and  immediately  engaged  in  the  construction  of  the 

MiCHioAN  SorTHEKN  A'  XoKTHERN  Indiaxa  RAILWAYS — They  were  prac- 
tically one  railway,  about  24(5  miles  long,  extending  from  the  head  of  Lake 
Erie  to  (,'hicago.  on  Lake  Michigan  ;  about  (56  miles  had  been  constructed 
by  the  State  of  Michigan,  with  a  timlier  rail  and  iron  plate.  It  was  now 
in  the  hand  of  an  incorporated  company-,  which  had  a  section  of  18  miles 
nearly  completed,  and  laid  Avith  iron  rails.      I  spent  most  of  the  winter  of 
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1850-51  on  tlie  line  nf  this  riiihviiy.  TJieie  leniaintHl  ;iliont  160  miles  h> 
be  constructed.  The  ronte  ^vas  very  favorable.  U'his  portion  of  the 
\voi-k  was  entered  upon  in  tlie  spring  of  1851,  with  vigor,  and  in  abont 
one  year,  a  line  was  opened  tu  Chicago.  The  principal  difficulty  was 
one  of  finance.  Though  the  work  was  of  very  moderate  cost,  eastern 
capitalists  were  very  reluctant  to  enter  on  an  enterprise  in  the  western 
States,  as  several  had  repudiated  their  debts,  and  tliis  impaired  confidence 
in  the  honesty  of  their  institutions. 

During  the  summer  of  1851,  I  engaged  as  President,  in  tin- 
construction  of  the  Chicago  &  Eock  IsUxnd  Railway,  extending  (as  a 
continuation  of  the  Xorthern  Indiana  Railway)  from  Chicago  to  the 
Mississippi  river  at  Davenport,  180  miles.  This  was  also  an  easy  line  to 
construct,  and  was  brought  into  use  in  1854. 

I  continued  my  connection  witli  the  Michigan  Southern  it  Northern 
Indiana  Railway  until  the  spring  of  1858,  when  it  became  obvious  my 
views  of  management  could  not  i:>revail.  With  the  exception  of  incidental 
sei'vices,  I  had  no  professional  engagement  until  December,  1861. 

Pittsburgh,  Fokt  W.\yne  &  Chicago  Railway. — ^This  road  was- 
468  miles  in  length,  extending  from  Pittsburgh,  to  Chicago.  It  had 
been  constructed  under  financial  embarrassments,  and  as  usual  in  sxich 
cases,  was  poorly  built.  There  were  first  and  second  mortgages  on  the 
railway,  for  about  $10  000  000,  and  a  floating  debt  of  between  82  000  000 
and  $3  000  000;  the  capital  stock  was  about  86  000  000— making  a  total 
liability  of  about  $18  000  000.  The  company  defaulted  on  their  interest, 
and  after  two  or  three  years,  the  bondholders  foreclosed  and  sold  the  rail- 
way in  the  early  part  of  the  autumn  of  1861.  From  inferior  constructii  n 
and  inadequate  maintenance,  the  line,  at  the  time  it  was  taken  in  charge- 
by  the  Trustees  of  the  bondholders,  was  in  very  poor  condition. 

In  this  state  of  affairs,  I  was  appointed  General  Superintendent.  The 
stock  and  floating  debts  were  very  honorably  provided  for  by  the  Trustees. 
For  the  floating  debt,  a  tliird  mortgage  was  given  to  the  holders  of  claims, 
conditioned  that  no  interest  should  be  paid  until  a  sufficient  surplus, 
hiid  been  earned  therefor,  after  providing  interest  and  sinking  fund  for  the 
first  and  second  mortgage  bonds.  After  the  net  income  should  thus  pro- 
vide as  above,  for  all  the  bonded  debt,  then  the  st<;ckholders  should  be 
entitled  to  any  balance  ol)tained  from  net  income.  I  nientn)n  these  par- 
ticulars as  very  creditable  to  the  Trustees,  and  in  striking  ciuitrast  with 
the  action  of  bondholders  in  some  other  cases. 
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The  capital  ^sto(•k  was  very  low  in  the  market.  I  was  iuformed  that  it 
liad  been  sold  at  8  per  cent.  Not  loug  after  I  had  entered  on  the  manage- 
ment, a  stockholder  enquired  of  me  to  know  if  I  thought  advisable  to 
sell  at  20  per  cent.  I  replied  that  I  could  not  advise  in  such  cases — that 
I  regarded  the  pro.speot  of  traifie  as  good,  but  the  poor  condition  would 
require  large  expenditures  to  put  the  railway  in  even  reasonable  order. 

The  Ti'ustees  were  extremely  solicitous  to  secure  such  net  earnings  as 
would  provide  for  the  interest  and  sinking  funds  of  the  first  and  second 
mortgage  bonds,  saying,  that  beyond  such  provision  they  were  willing 
all  earnings  should  go  to  the  improvement  of  the  railway.  In  order  to 
secure  their  object,  the  Trustees  required  a  monthly  sum  to  be  placed 
in  their  hands. 

I  will  not  detain  you  with  further  details,  but  merely  give  the  finan- 
cial result.  The  fii'st  year  passed  ^yith  decided  expression  of  satisfaction, 
and  at  the  end  of  the  second  year,  there  were  fmiher  net  proceeds.  After 
'2i  years,  I  resigned  the  superintendency,  but  continued  to  act  as  Engi- 
neer until  186fi.  The  bonds,  in  interest  and  sinking  funds  had  all  been 
provided  for  in  these  2l  years,  and  such  surplus  was  in  hand,  that  soon 
4ifter,  the  Board  of  Directors  declared  a  dividend  on  the  stock  at  the  rate 
of  10  pev  cent,  per  annum,  which  rate  has  not  since  been  reduced. 

Engineers  as  Railway  Superintendents. — Now,  it  may  be  said, 
why  all  this  about  the  superintendency  of  a  railway — engineers  are  not 
much  engaged  except  in  construction  ?  My  object  is  to  show  that  an  en- 
gineering education  fits  a  man  best  for  the  superintendence,  no  less  than 
for  the  construction  of  a  railway.  I  regard  it  an  error  t'lat  the  profession 
has  not  given  more  attention  to  suiJerintendence  of  op.'rations.  It  de- 
mands the  same  thoughtful  analyzing  mind,  to  operate,  that  constructs. 
I  have  presented  this  case,  to  impress  the  importance  t)f  employing  the 
best  engineering  experience  and  ability  in  the  superintendence  of  rail- 
ways. The  case  i>  a  plain  one.  Say,  management  has  failed  to  pay  iu- 
t  'rest,  and  the  railway  was  sold  by  foreclosure  of  mortgages.  An  engi- 
neer takes  charge,  and  in  2|  years  this  is  all  changed  and  the  property 
becomes  a  success.  But  why  an  engineer  ?  A  true  engineer  fir.st  of  all, 
■considers  his  duties  as  a  tru4,  and  directs  Lis  whole  energies  to  discharge 
the  trust,  with  all  the  solemnity  of  a  judge  on  the  bench.  He  is  so  im- 
mersed in  his  profession  that  he  has  no  occasion  to  .seek  other  sources  of 
amusements,  and  is  therefore  always  at  his  i)ost.  He  has  no  ambition 
.to  be  rich,  and  therefore  eschews  all  commissions  that  blind  the  eyes  and 
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impair  fidelity  to  his  trust.  His  ambition  is  to  make  Iiis  trust  a  success 
to  the  proprietors.  His  education  fits  liim  to  analyze  facts,  and  more  suc- 
cessfully than  a  layman  to  produce  the  best  results  of  administration.  To 
reach  the  best  results  of  railways,  they  must  be  put  under  the  suijerin- 
tendence  of  competent  engineers. 

It  may  be  inquii-ed,  wliy  should  not  engineers  seek  to  be  rich  ?  cer- 
tainly, they  need  the  benefit  of  pecuniary  resources  as  well  as  others, 
which  is  not  denied.  Rich  is  a  relative  term.  The  man  who,  by  a  projier 
economy,  is  able  annually  to  lay  something  by  as  an  investment  from  his 
earnings,  is  only  exercising  the  prudence  necessary  to  provide  for  age  or 
infirmity.  This  all  men  should  do,  and  it  is  especially  important  for  an 
engineer,  that  by  this  means  his  mind  may  be  at  ease  in  regard  to  the 
future.  What  is  meant  by  a  thirst  to  be  rich,  is  a  si^eculating  turn  of 
mind,  which  is  sure  to  jirevent  any  especial  eminence  in  an  engineer. 
He  should  be  careful  to  secure  a  proper  salary,  and  then  give  his  undi- 
vided attention  to  the  duty  he  assumes.  I  have  known  several  engineers 
who  were  always  on  the  alert  for  speculation,  but  I  have  not  known  one 
such  to  secure  any  valuable  standing  as  an  engineer.  To  this  it  may  be 
said,  engineers  have  not,  in  all  cases,  succeeded  in  conducting  the  opera- 
ting business  of  railways.  The  same  may  be  said  of  lawyers,  or  any 
other  profession,  and  it  is  just  as  important  that  the  party  in  interest 
select  a  competent  and  faithful  engineer  as  a  comjietent  lawyer.  The  same 
discretion  is  necessary  in  one  case  as  in  the  other. 

Being  now  past  four  score  years  of  age,  I  can  have  no  other  motive 
than  the  public  good  in  the  above  remarks.  I  make  them  in  view  of 
much  personal  experience,  which  has  brought  me  to  the  conclusion,  that 
the  railway  and  kindred  public  w'orks  will  not  realize  their  legitimate 
benefits  until  their  supei'vision  is  committed  to  competent  engineers.  In 
order  for  this,  ifis  necessary  to  cultivate  the  profession  so  as  to  secure  the 
qualifications  and  character  l)efore  named,  to  carefully  avoid  all  theories 
that  are  not  based  on  well  established  and  thoroughly  analyzed  facts, 
and  to  be  very  cautious  before  applying  any  theory,  to  see  that  all  the 
facts  involved  are  obtained,  and  that  none  are  hastily  and  inconsiderately 
assumed.  The  profession  is  one  of  great  importance  to  the  public 
interest,  and  no  pains  should  be  spared  to  fully  qualify  those  who  pursue 
it  for  eveiy  engineering  emergency,  anl  to  fit  them  for  the  cischarge  of 
every  duty  with  scnipulous  fidelity. 
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DISCt'SSION    OX    THE 

€UOTOX  WATER  WORKS  AND  SUPPLY  FOR   THE   FUTURE.* 


Me.  J.  James  R.  Ckoes.— Referriiij,'  to  discussion  on  conduits,  Mr. 
Tlieodore  B.  Samo,  Assistant  Engineer,  Washington  Aqueduct,  Avrites  : 

"I  see  that  Mr.  Huttonf  referred  to  me  as  authority  for  the  state- 
ment that  on  the  Washington  Aqueduct  where  the  conduit  leaked  over 
an  embankment,  the  leak  was  stopped  by  raising  and  widening  the  em- 
bankment. His  statement  is  correct.  It  may  interest  you  to  know  that 
•at  the  time  of  the  leak  the  embankment  was  14  feet  wide,  and  that  I  had 
it  widened  to  30  feet,  and  raised,  so  that  there  is  not  less  than  5  feet  of 
•earth  on  top  of  the  arch,  including  the  Macadam  road— 12  feet  by  1  foot 
deep." 

"The  width  of  80  feet  was  not  adopted  simply  to  stop  the  leak,  but  for 
the  convenience  of  travel,  as  the  conduit  road  has  become  in  summer  a 
great  thoroughfare.  I  will  not  assert  positively  that  the  conduit  does 
not  leak,  but  at  all  events  no  water  shows  through  the  embankment. 
The  embankment  referred  to  is  the  first  one  above  the  distributing  reser- 
voir." 

Two  high  emlxuikments  near  Cabin  John  bridge  used  to  leak,  and 
were  treated  in  a  similar  manner,  with  like  results,  the  roadway  being 
.  made  25  feet  wide.  Tlie  flow  line  of  the  distributing  reservoir  is  kept  at 
such  a  level  that  from  Cal)in  John  to  the  reservoir,  the  conduit  is  under  a 
liead.  The  head  at  the  outlet  is  generally  i  feet,  and  has  been  as  high  as 
5.8  feet. 

Erkata. — Volume  Y.  On  page  395,  thirteenth  line,  for  "  where  "  read 
"when";  on  page  39(i,  seventeenth  line,  for  "that"  read  "the";  on 
page  397,  twentieth  line,  for  "  15"  read  "  1.5  "  ;  on  page  403,  thirtieth 
line,  for  "the  "  read  "  on  the  "  ;  on  page  40(5,  eighth  line,  for  "  during" 
read  "through"  ;  on  page  413,  sixteenth  line,  for  "the  channels  "  read 
"  channels, "  and  eighteenth  line,  for  "of"  read  "off";  on  page  417, 
twenty-sixth  line,  for  "  Segonia  "  read  "Secpionia  ;  "  and  on  page  425, 
twenty-first  line,  for  "  convince  '"  read  "  convince  us." 

Also  on  Plate  II,  the  Jetty  at  L,  should  be  marked  "Jetty  No.  1," 
and  the  one  opposite,  running  out  from  the  reef,  "Jetty  No.  2." 


Continued  from  Vol.  V,  page  275.        t  Vol.  V,  page  260. 
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France,  12S. 

Beams,  resistance  of-,  27. 

Benefit  of  families  of  deceased  mem- 
bers.    (See  Mutual.) 

Board  of  Censors  to  award  the  Norman 
Medal;  reports,  136,  146,  154.  (See 
Norman  Medal,  Reports.) 

—  of    Direction.  —  Annual   report,  ac- 

cepted, 135, — considered,  125,  137, 
— published,  13S; — matters  referred, 
2,  3,  38,  48,  79,  82,  85,  136,  137..148. 
151.  153;  —  number  of  meetings, 
139.  (See  Announcements,  Min- 
utes, Recommendations,  Report.) 

—  of  Finance,  Centennial  Commission, 

constituted,  19.     (See    Centennial.) 

—  to  test  Iron,  Steel  and  other  Metals. 

— Act  of  Congress,  100  ; — appoint- 
ment, 80  ; — appropriation,  29,  35, 
100,  155;  —  chemical  laboratoiy, 
circulars,  26;  —  committees,  27;— 
expenditure,  155  ;  —  organization, 
26  ; — officers,  89  ; — plans  approved 
by  American  Institute  of  Mining 
Engineers,  51, — American  Iron  and 
Steel  Association,  39, — Columbia 
College  School  of  Mines,  40, — 
Cornell  University,  62, — Lyceum  of 
Natural  History,  Oberlin  College, 
40, — the  Board  of  Direction,  17,  29, 
— Universitv  of  Wisconsin,   40  ; — 
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report,  29  ; — resolutions  adopted, 
17.  29,  35  ;— Secretary,  84,  89,  155  ; 
— testing  macliine,  2g,  155  ; — the 
Board  discontinued,  100  ; — -.vork, 
27,  60,  84,  155.  (See  Tests.) 
Boiler,   explosion,     125  ; — marine-,     70, 

173- 

Book  Notes. — Analytical  Mechanics, 
161. — Graphical  Statics,  49. — Iron 
Highway  Bridges,  174. — Reports 
on  the  Vienna  Internationnl  Ex- 
hibition, 158. 

Books  of  reference,  145. 

—  OX  Engineering  and  Technol- 
ogy ;  List  ok-,  10,  32,  41,  52,  63, 
91,  100,  114,  121,  129,  165,  175. 

Boston  Society  of  Civil  Engineers, 
the  metric  system,  62,  178. 

Bread  making,  159. 

Bridges. — Abutments,  112,  118; — Amer- 
ican bridges,  5,  113,  118,  174  ; — cir- 
cular on-,5; — committee  on  averting 
Bridge  Accidents,  82,  146  ; — bridge 
of  Arcole,  of  St.  Servern,  126; — con- 
struction, 5,  113,  118  ; — continuous 
girders,  50,  78  ; — crane  bridges,  H2; 
— deflections,  107  ; — discussion  of-, 
78,  83  ; — draw-bridges,  112  ; — East 
river,  37,  171  ; — European  bridges, 
5,  118,  174;  —  failure,  37,  40; — 
foundations,  I13,  114,  119  ; — liigh- 
way  bridges,  174  ; — in  France,  126  ; 
— in  the  Netherlands,  1 10,  112  ; — 
in  Switzerland,  107  ; — iron  bridges, 
5,  37.  40,  77.  107,  174  ;— masonry, 
38,  113,  119,  171  ; — "New  Portage 
Bridge",  3,  37,  83; — piers,  112, 
113;  —  railway,  127; — St.  Louis 
liridge,  50  ; — superstructure,  120  ; 
— swing  bridges,  126,  128  ; — stone 
bridges,  77  ; — tests,  107  ; — the  Aare 
bridge,  107  ; — timber  iM-idges,  75, 
77; — Verrugas  bridge,  83; — via- 
ducts, 77,  111,126,  160; — Wern- 
WAG's  bridge,  75; — wooden  bridges, 
5,  108.     (See  Girders,  Viaducts.) 

Bronze,  compressed-,  131. 

Bureau  of  Architecture,  16,  38. 

Business  meeting  at  the  Annual  Con- 
vention, 2,  8,  14,  30,  57,68,  7g,  139, 
153.     (See  Annual,  By-Laws.) 

By-Laws. — Amendments,  relating  to — 
abstracts  of  papers,  2  ;  —  applica- 
tions for  professional  service,  2,  79  ; 
— appointment  of  special  commit- 
tees, 2  ; — chairman  and  business  of 
Annual  Conventions,  2, 151; — defin- 
ition of  Civil  Engineer,  38  ; — duties 
of  the  President,  2  ; — officers'  re- 
ceptions, 2,  15  ; — resident  and  non- 
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resident     members,     3.  —  Changes 
jiroposed,    150,    152  ; — referred    to, 
153  ; — substitutes  offered,  2,  79. 

Caissons  and  air  pumps,  iii. 

Canals,  and  inland  navigation,  24,  74  ; 
in  early  times,  74  ; — in  France,  127; 
— in  Holland,  109;  —  Erie  canal, 
76. 

Cards,  of  introduction,  60  ;  —  to  mem- 
bers, 45,  95,  103. 

Cars,  descriptions  of—,  127. 

Cast  iron,  28. 

—  iron  pipes,  98,  161. 

Catalogue,  of  exhibits,  Centennial  Ex- 
position, 126,  171  ; — of  libraiy,  145. 

Cement  for  masonry,  3,  90,  99,  162. 

Censors.     (See  Board.) 

(Centennial  Commission  of  the  Society, 
3,  19.  38. — Action  proposed,  5. — 
American  engineering  progress,  20, 
24,  48,  147,  156. — Assistance  re- 
quired,4. — Benefits  expected,  15 7. — 
Board  of  Finance,  19. — Bridge  mod- 
els and  plans,  6. — Circulars  from 
Sub-committees,  4, — on  bridges  and 
bridge  constructions,  5, — on  canals 
and  inland  navigation,  24, — on  elec- 
tric engineering,  5, — on  foundations 
and  masoniy,  22, — on  gas  engineer- 
ing, 23, — on  hydraulic  motors  and 
machines, 25, —on  mechanical  engin- 
eering, 22, — on  metallurgical  en- 
gineering,20, — on  objects  and  work, 
19, — on  park  and  landscape  work, 
surveying  anil  geodesy,  26,  —  on 
railroads  and  rolling  stock,  23, — on 
river  and  harbor  improvements,  5, 
— on  sewerage  and  sanitary  engin- 
eering, 39, — on  steam  engineering, 
20, — on  water  works,  4. — Commit- 
tees appointed,  3, 19,  38. — Contribu- 
tions secured,  19. — Contributions  to 
library  and  museum,  144,  150. — 
Co-operation  with  American  Listi- 
tute  of  Architects,  39, — American 
Institute  of  Mining  Engineers, 
19,  39,  149, — Franklin  Institute,  19. 
— Cost  and  expenses,  19,  22,  26, 
86,  149,  157. — Donations  received, 
144.  —  Exposition  buildings,  3. 
— Finance  reports,  136,  157, — 
Foreign  engineers,  19. — Historic 
objects  desired,  20.  —  Information 
sought,  19. — Meetings  held,  13,  35, 
45- — Memoirs  and  records  to  be 
published,  4,  19,  21,  24,  39,  86,  149, 
157. — Objects  in  view,  3,  5,  19,  20. — 
Organization,  4. — Plans  proposed, 
21,    48. — Policy    defined,    5,    24. — 
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CERTIFICATES 
Records  requested,  20. — Reports, 
86,  136,  156,  157.— Resident  Secre- 
tary, 5,  39,  48,  156. — Rooms  had, 
19,  39. — Society  and  other  exhibits, 
49,  156. — Space  in  buildings,  3,  4, 
19,  20,  38,  149,  156. — Sub-commit- 
tees, members  and  work,  3,  38,  149. 
—  Subscriptions  received,  39.  — 
What  was  proposed  and  done,  4, 
19,  21,  39,  87,  149,  150. 

Certificates  of  membership,  152. 

Chain  cables  and  wire  ropes,  27. 

Chairman  of  Annual  Convention,  elect- 
ed, 78.     (See  By-Laws.) 

Change  of  the  Society's  rooms.  (See 
Quarters,  Reports,  Rooms.) 

Changes  and  Corrections  in  List  of 
Members.     (See  List.) 

Charts,  hydrographic-   iio. 

Chemical  laboratory  of  Board  to  test 
Iron,  Steel  and  other  Metals,  26. 

Circulars  relating  to  : — American  tun- 
neling, 45  ; — Annual  Convention, 
136  ; — Centennial  Commission  (see 
Centennial)  ; — Civil  Engineers'  In- 
surance League,  i  ; — metric  system 
of  weights  and  measures,  178  ; — 
nomenclature  and  classification  of 
masonry,  88  ;  —  tests  of  iron  and 
steel,  26  (see  Tests). 

Civil  Engineer,  meaning  of-,  38,  151  ; — 
our  first-,  73. 

—  Engineers'  Insurance  League. — Let- 

ter ballot  applied,  i,  152  ; — plan 
discussed,  8  ; — votes  canvassed,  i. 

—  Engineers,  members  of  the  Institu- 

tion of-,  171. 

—  engineenng,  report  on-,  160. 

Classification  of  masonry  (see  Nomen- 
clature) ; — of  members  (see  Mem- 
bership). 

Coal  and  Navigation  Company.  History 
of  the  Lehigh-  48. 

Columbia  College  School  of  Mines,  40. 

Columns,  resistance  of—,  27.    (See  Tests.) 

Commissions  to  the  Vienna  International 
Exhibition,  reports,  158. 

Committee  of  Lyceum  of  Natural  His- 
tory, 40. 

—  reports,  60,  141  ; — work,   120. 
Committees,  appointment    of   Standing 

Committees,  i37;^for  special  work, 
147  ; — on  special  engineering  sub- 
jects, By-Law  adopted,  2,  153, — 
method  discussed,  152, — resolutions 
offered,  48. 

—  of  Board  to  test  Iron,  Steel  and  other 

Metals,  I,  27; — of  Centennial  Com- 
mission of  the  Society,  3,  38, 
149. 


COMPRESSED 
—  on  : — American  Engineering  at  the 
Centennial  Exposition,  appoint- 
ment, 3,  147,  148  (see  Centennial 
Commission)  ;  —  Annual  Conven- 
tions, appointment,  15,  117,  173, — 
reports,  154;  —  Applications  for 
Memljership,  appointment,  138  ; — 
Change  of  Name  of  the  Society, 
appointment,  138  ;  —  Change  of 
Rooms,  discharged,  82, — report, 
87,  137  ; — Failure  of  Dam  at 
Worcester,  ballot,  48,  49,  59, — 
report  and  discharge,  85, — work, 
147; — Finance,  appointment,  137  ; 
—  Form,  Weight,  Manufacture 
and  Life  of  Rails,  report  and 
discharge,  85,  —  work,  146;  — 
Founding  an  Engineering  Library 
and  Museum,  discharge,  82, — work, 
148  ; — Furnishing  Rooms,  appoint- 
ment, 138  ; — Guaging  of  Streams, 
chairman,  136, — reports,  61,  84,  86, 
136,  —  work,  147;  —  Library,  ap- 
pointment, 137  ; — Means  of  avert- 
ing Bridge  Accidents,  discharge, 
82, — work,  147  ; — Memoirs  of  de- 
ceased Members,  appointment,  96  ; 
• — -Mutual  Benefit  Society,  work, 
14S  ; — National  Recognition  of  the 
Society,  leport  and  discharge,  82, 
87,  T37> — work,  148  ;■ — Nomencla- 
ture and  Classification  of  Masonry, 
reports,  86,  88, — work,  147  ; — Offi- 
cers' Receptions,  ap])ointment,  17, 
138,  — •  work,  152  ;  —  professional 
subjects,  list  of-,  146  ; — Policy  of 
the  Society,  work,  148  ; — Quarters 
of  the  Society,  appointment,  138  ; 
— Railway  Signals,  discharge,  85, 
— work,  146  ; — Resistances  of  Rail- 
way Traiivs,  ballot,  48,  49,  59, — re- 
ports, 86,  136, — work,  147  ; — Re- 
vision of  the  Constitution,  appoint- 
ment, 138  ; — Seniority  af  Members, 
appointment,  3,  —  work,  152;  — 
Technical  Education,  appointment, 
38, — reports,  49,  86, — work,  147  ; — 
Tests  of  American  Iron  and  Steel, 
reports,  60,  34,  155, — work,  146  ; — 
Uniform  Accounts  and  Returns  of 
Railroad  Companies,  appointment, 
136,  137, — report,  136,  157, — work. 

Compressed  Air  Locomotive. — Descrip- 
tion, valves,  working  pressure,  ad- 
vantages in  mines  and  tunnels,  I. 

Condensing  steam  engine,  first  Ameri- 
can-, 74. 

Conditions  of  membership,  151.  (See 
Membership.) 
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CONDUIT 

Conduit  under  pressure,  48,  58. 

"  Connected  segmental  Marine  Boilers, 
a  Demonstration  of  the  Principles 
of  their  Construction",  a  paper,  70, 

173- . 
Constitution,     revision    of-,    13S.     (See 

Committees.) 
"  Consumption    and    Waste    of    Water 

delivered    l)y    public    ^^'orks ",    a 

paper,  37. 
Contents    of     Proceedings,     142  ;  —  of 

Transactions,  13. 
Continuous    girders,    45,    50,    78.     (See 

Bridges,  Theory.) 
Conventions  of  the   Society.     (See  An- 
nual.) 
Copper-tin  alloys,  28. 
Cork  Run  tunnel,  58,  137. 
Cornell  University,  62. 
Correspondence.     (See  Selections.) 
Corrosion  of  metals  in  actual  use,  27. 
Cost  and  size  of  Journal  of  the  Society, 

141- 
—  of  railways  in  Switzerland,  107. 
Crane  bridges,  112. 
"  Croton    Water   Works    and    Supply " 

discussed,  16,  35,  47,  48,  59,  84,  86. 

(See  Notes.) 
Culverts,  stone,  107. 
"  Cut-offs  on  the  Mississippi,  their  effect 

on  the  Channel  above  and  below," 

a  paper,  86,  95. 
Cut-off  walls,  98,  162. 
Cuts  and  excavations,  Culmann's  meth- 
od of  calculating,  107. 

Dam  at  Worcester,  failure  described,  47  ; 
— resolution  offered, 48; — ballot  had, 
49,  59  ; — report,  85  ; — committee 
and  work,  152. 

Dams  for  Reservoirs,  97,  161. 
-Construction  of  earthen  dams,  causes 
of  failure,  spiling  wall,  97. — Cracks, 
leaks,  cut-off  walls,  outlet  passages, 
abrupt  angles,  puddle  walls,  base  ot 
embankment,  modern  practice,  fail- 
ures from  overflow,  98. 
-Specifications  for  repairing  Dam  at 
Worcester.  Description, dimensions, 
earthen  embankment,  iron  pipes, 
gate  house  and  well  (98),  slope  wall, 
pavement,  waste  way,  161  — spiling 
wall,  supply  and  waste  pipes,  tooth- 
ing (99),  puddle  wall,  cracks  and 
slides,  intermixing  material,  laying 
pipes  and  masoniy,  cut-off  walls, 
material  for  puddle,  emliankment 
and  supporting  walls,  stone  for 
gate  house  and  well,  hydraulic  ce- 
ment,   selection    of    material,    how 


DECEASED 
jHiddle  wall  shall  be  made,  162, — 
how  embankment  shall  be  built 
(99),  gate  house  and  gates  described, 
foundations,  water  and  waste  pipes, 
100,  163. 

—  in  France,  12S  ; — in  Switzerland,  108. 
Deceased  members,  14,  36,  96,  134,  154, 

1 78. 

Depot  at  Paris,  Orleans  Railway,  127. 

"  Descriptions  and  Results  of  hydraulic 
Experiments  with  large  Apertures 
at  Holyoke,  Mass.",  a  paper,  84, 
146. 

"  Design  and  Erection  of  the  Exposi- 
tion Buildings  "  at  Philadelphia,  78. 

Determination  of  the  Resistances  of 
Railway  Trains,  50. 

Discharge  of  Water  from  Jets  and  in 
long  Plains. —  Description,  37, — 
diagram,  90. 

Discussions,  at  Annual  Conventions, 
subjects  announced,  57,  69, — com- 
ment, 140  ; — on  Technical  Educa- 
tion, 79,  147,  171. 

Docks  in  France,  128. 

Donations  to  Library.     (See  Library.) 

Drainage  works  of  the  Netherlands, 
108. 

Draw-bridges.     (See  Bridges.) 

Drawings,  method  of  reproducing-,  107. 

Dudley's  dynograph,  38.  (See  Resist- 
ances.) 

Dues  of  members,  151. 

Dykes,  canals  and  embankments,  109. 

Earthen,  dams,  97; — embankments,  98, 
161. 

Education,  primary-,  159  ; — technical, 
38,  49,  79,  86,  147, 171.  (See  Tech- 
nical, Vienna.) 

Electric  engineering,  5  ; — Fr.^nklin's 
machine,  95. 

Embankments,  construction  and  ma- 
terials, 98,  log,  162,  163. 

Engineer,  Civil — compared  with  Me- 
chanical and  Mining-,  38,  151. 

Engineering,  American,  70,  73,  117, 
135  (see  American)  ; — electric-  5  ; 
— gas-,  23;  —  hydraulic-,  160;  — 
mechanical-,  22  ; — metallurgical- 
20  ; — sanitaiy  and  sewerage-,  39  ; 
— steam-,  20. 

—  Exhibits  at  the  International 

Exposition,  105,  126. 
-of  France. — The  French  building, 
interest  of  French  engineers,  col- 
lection of  the  exhibit,  catalogue, 
map  of  France,  methods  of  road 
construction,  models  of  viaducts 
and  bridges,  arch  centering,  126. — 
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EXGINEERIXG 
Depot  of  Orleans  Railway,  descrip- 
tions of  railroad  rolling  stock  and 
rails,  locomotive  engines  and  cars, 
improvements  of  rivers  and  har- 
bors, canals,  aqueducts  and  locks, 
127. — Maritime  works,  docks  and 
basins,  port  improvements,  eleva- 
tion and  distribution  of  water, 
dams,  beacons,  light  houses,  and 
foundations,  12S. — Agricultural  and 
geological  maps,  illustrations  of 
public  works,  engineering  schools, 
129. 
-of  Switzerland. — The  St.  Gothard  tun- 
nel, location  and  construction,  105. 
— Rock-boring  machines,  rate  of 
progress,  geological  record,  com- 
plete working  drawings  and  yearly 
reports.  The  Xorth-Eastern  Rail- 
way, manner  of  construction,  align- 
ment and  location,  106,  —  Esti- 
mates of  cost,  maintenance  of  per- 
manent way,  plans  for  bridges  and 
culverts,  details  of  iron  bridges, 
lattice  and  plate  girders,  tests,  loads 
and  deflections,  the  Aare  bridge, 
tracings,  how  made,  autography, 
specifications  of  railroad  work. 
Hydraulic  works,  107, — literature 
referring  to  flow  of  water,  results 
obtained,  water  power  of  Switzer- 
land, turbines  used,  distribution 
and  transmission  of  water  power, 
improvements  of  rivers,  details  and 
statements  of  cost  of  other  railroads, 
wooden  bridges,  108. 
-of  the  Netherlands. — Drainage  works, 
canals  and  bridges,  loS. — Models 
of  the  country,  the  dykes,  ship  and 
other  canals,  the  embankments. 
Haarlem  lake,  its  drainage,  the  en- 
gines used  ;  construction  of  jetties  ; 
models  and  drawings,  the  matresses, 
method  of  reclaimment,  loss  of 
area,  109.  —  Hydographic  charts, 
canals,  locks  and  gates,  the  "  Blan- 
ken  "  gate  described,  piles  and  pile 
drivers,  pier  in  harbor  of  Harlingen. 
Foundations,  the  plenum  -  pneu- 
matic process,  no;  — method  in 
use  described,  the  caissons  and  air 
pumps.  Bridges  in  Holland,  model 
of  Kuileaberg  viaduct,  construction 
of  the  trusses,  lattice  girders,  in  ; 
— appearance  of  structure,  pin  con- 
nection trusses,  false  works  re- 
(juired.  Bridges  at  Bommel  and  over 
the  Hollandch  Dieps  described, 
their  abutments  and  piers,  draw- 
bridges, that  at  Dordrecht  describ- 
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ed,  crane    bridges,   other  plans   for 
bridges,    I12. — Designs    for    abut- 
ments, 113. 

—  library  and    museum   (see  Library)  ; 

— papers,   123,   133,  177  ; — remark- 
able   feats,    77;  —  reports,    159;  — 
schools  for  instruction,  77,  I2g. 
Engineers,    and   Architects,   Austrian-, 
79  ; — Institution  of  Civil-,  171. 

—  as  experts,  8,  80; — increase  of-,  77; — 

instruments,  159  ;  —  reception   of- 

60. 
Engines,  locomotive,  77,  95, — pumping, 

109,  116,  128,  142,  161. 
Erection  of  the  Verrugas  bridge,  S3. 
Erie  canal,  76. 
Evans,  Oliver,  74,  95. 
Excavations  and  cuts.     (See  Cuts.) 
Exhibitions,    International-,    158.    (See 

Centennial,  Vienna.) 
Experiments,    hydraulic,    84,     146, — on 

railway  traction,  38,  48,  49. 
Exposition  buildings,  description,  '3,  78, 

160. 
Extra  copies  of  Papers,  124,  133,  177. 

"  Fac-similie    Telegraphy ",    a     paper, 

37-  5S. 

Failure  of  Dam  at  Worcester,  described, 
47  ; — resolution  offered,  48  ; — ballot 
had,  49,  59  ; — report,  85  ; — commit- 
tee and  work,  152. 

"  Fall  of  an  Iron  Bi'idge "  described, 
40. 

Federal  charter  recommended,  87,  88. 

Fees  and  dues  of  memliers,  151. 

Finance,  Centennial  Commission  Board 
of-,  constituted,  19  ; — Reports  of 
Committee,  136,  157.  (See  Cen- 
tennial, Reports.) 

—  Standing  Committee  on-,  appointed, 
157- 

FiNANCKS  OK  THE  ScJCIETY,  SlATE- 
MKNT    OF-,   17. 

Fitch's  steamboat  and  propeller,  74. 

Flow  of  water,  literature  of-,  loS. 

Foreign  engineers,  19,  60. 

Forestry,  reports  on-   159. 

Form,  Weight,  Manufacture  and  Life  of 
Rails,  Committee  on-,  report,  85  , 
— work,  146. 

Fortifications  and  government  roads,  74. 

Foundations,  and  masonry,  22  ; — Ameri- 
can-, 119. — For  bridge  piers,  113, 
—  gate-house,  loo,  163,  —  light- 
houses and  walls,  128  ; — The  ple- 
num-pneumatic process,  no. 

France,  sketch  of  engineering  exhibit 
at  Centennial  Exposition,  126.  (See 
Engineering.) 
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FRANKLIN 
Franklin  Institute,  co-operation,  19  ; — 

historic  objects,  95  ; — rooms,  17,  19, 

70. 
P^ranklin's  electric  nmchine,  95. 
Fulton's  steamboat,  liis  career,  75. 
Furnishing  rooms,  committee  appointed, 

138. 

Gas  engineering,  23  ; — works,  77. 

Gates,  gate-house  and  well,  Worces- 
ter dam,  99,  161  ; — locks  and  canals 
in  the  Netherlands,  108. 

"  Guaging  of  Streams,  a  special  Case," 
a  paper,  86,  94  ;  —  in  connection 
with  observations  of  rainfall,  — 
committee  and  work,  136,  147, — 
discussion,  118,  —  repoi^ts,  61,  84, 
86,  136. 

Geodesy,  surveying  and-,  26. 

Geological  maps  of  France,  129. 

Girders,  and  columns,  resistance  of-, 
27  ; — lattice  and  plate-  107,  ill  ; 
— strains  in-,  160,  174. 

Government  roads  and  fortifications,  74. 

—  recognition  of  the  Society,  88. 
Graphical  Statics,  49. 

Haarlem  lake,  its  drainage,  109. 

Harbor  improvements,  American,  5  ; — 
European,  109,  127,  160  ; — at  Wil- 
mington, Cal.,  117,  125. 

Head  of  Passes  at  mouth  of  Mississippi 
river,  137. 

Highway  Bridges,  Iron,  174.  (See  Iron.) 

Historic  objects   at  Franklin  Institute, 

95- 

"  History  of  the  Lehigh  Coal  and  Navi- 
gation Company  and  its  Works  ",  a 
paper,  48. 

Howe  truss  bridge,  77. 

Hull,  Evans  and  Trevitmic,  74. 

Hydraulic,  cement,  99,  162; — engin- 
eering, 160  ; — experiments,  84,  146  ; 
—  motors  and  machines,  25  ;  — 
works,  107. 

Hydraulics,  practical-,  84. 

Hydrographic  charts,  1 10. 

Illustrations  of  Papers,  6,  123,  133,  177. 
Improvement  of  rivers   and  harbors,   5, 
109,  117,  125,  127,  160. 

—  of  mouth   of  the    Mississippi    river, 

37,  84,  120,  137. 

Index  to  Proceedings,  35,  58,  104,  17S  ; 
— to  Transactions,  142. 

Inland  navigation,  24,  74. 

Institution  of  Civil  Engineers,  mem- 
bers, 171. 

Instruments  of  precision,  159. 

Insurance  League.     (See  Civil.) 


INTERNAL 

Internal  improvements,  74,  75. 

International  Exhibitions,  engineering 
exhibits,  105,  126; — historical  ac- 
count, the  Vienna-,  158.  (See 
Centennial, Engineering,  Reports.) 

Invitations,  Annual  Convention,  49,  82, 
84. 

Iron,  and  steel.  Government  consump- 
tion, 89  ; — qualities  of-,  86, — re- 
heating and  re-rolling,  29. — Cast 
iron,  28, — mallealjle  iron,  27. — Sub- 
stitution for  wood,  7.  (See  Board, 
Bridges,  Tests.) 

— -  Highway  Bridges,  properties  of-, 
kind  of  bridges  in  use,  American 
and  European  methods,  strains  in 
girders,-  174. 

—  making  countries,  160. 

Jets,  discharge  of  water  from-,  go. 

Jetties  at  South  Pass,  Mississippi  River, 
progress  of-  37,  120; — construc- 
tion in  Europe,  108,  109.  (See 
Improvements.) 

Joint  meeting  on  Technical  Education, 
79.     (See  Technical.) 

Journal  of  the  Society,  cost  and  size, 
141. 

Laboratory.     (See  Chemical.) 

Lake  and  river  navigation,  25. 

Landscape  work,  26. 

Lattice  and  plate  girders,  107,  iii.  (See 
Girders.) 

Lawrence  Water  Works'  pumping  en- 
gines, a  report,  116,  142. 

Laying   Masonry  in   cold  Weather,  30, 

9°-        .   . 
League,    Civil    Engineers'    Insurance-. 

(See  Civil,  Mutual.) 

Lehigh  Coal  and  Navigation  Company. 
History  of-  48. 

Letter  ballot,  applied,  i,  49,  173  ; — ap- 
proved, 152  ; — for  appointment  of 
special  committees,  2,  153. 

Librarian  to  report,  125. 

Library  and  Museum,  Additions 
TO-,  12,24,43,55,65,93,103,114, 
122,  131,  170,  176. 

—  Available    to  non-residents,    146. — 

Catalogue,  described,  145. — Con- 
tributions, acknowledged,  146, — 
received  through  Centennial  Com- 
mission, 144,  150, — solicited,  45,95, 
116,  133. — Expenditure  recommen- 
ded, 145. — Exchange  of  duplicates, 
146. —  Increase,  143,- — State,  125, 
144. — Value  and  usefulness,  145. 

—  Plan   for  founding-,  committee,  82, 

148, — report  referred,  145. 
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LIFE 

—  Standing  Committee  appointed,  137. 
Life  membership,  proposed,  8. 
Light-houses  in  France,  128. 

List  of  Members. — Additions,  14,  36, 
46,  58,  70,  96,  104,  124,  134,  172, 
178; — Changes  and  Corrections,  14, 
36,  46,  58,  96,  104,  116,  124,  134, 
172,  178  ; — Deceased,  14,  36,  96, 
T34,    178; — Resigned,   124,172. 

—  Published  as  Supplement,  70. 

—  OF  New   Books  on   Engineering 

AND  Technology.     (See  Books.) 
Locks  and  canals,  108,  no,  127. 
Locomotives,     compressed     air,    91  ; — 
exported,    77  ;  —  Oliver     Evans' 
model,  95  ; — European,  127  ; — first 
American,  76  ; — shops,  77. 
Lyceum  of  Natural  History,  40. 

Machinery  at  Vienna  International  Ex- 
hibition, 159. 

Magazines  and  papers  received,  143. 

Mail  coaches  and  steamboats,  76. 

Mains,  discharge  of  water  from-,  37. 

Maintenance  of  way  on  Swiss  railroads, 
107. 

Manufactures  and  manufacturing  estab- 
lishments in  Europe,  160. 

Maps,  French  agricultural  and  geologi- 
cal-, 129. 

Maritime  works  in  France,  128. 

Marine  boilers.     (See  Connected.) 

Masonry,  artificial  blocks,  128  ; — found- 
ations, 22  ; — in  East  River  bridge, 
38  (see  Notes);  —  laying  in  cold 
weather,  30,  90  ;  —  nomenclature 
and  classification  (see  Nomencla- 
ture) ; — rubble  cement-,  162. 

Materials,  effects  of  time,  48  ; — selec- 
tion, 99,  162  ; — strength,  84  ; — re- 
sistance, 57. 

Means  of  averting  Bridge  Accidents, 
committee  discharged,  82  ; — work, 
146. 

Mechanical,  engineer,  38,  151  ; — en- 
gineering, 22. 

Medal,  Norman-      (See  Norman.) 

Meetings,  Announcements  ( see  An- 
NOiNCEMENTS) ;  —  attendance,  71, 
135,  139  ; — officers'  receptions  (see 
Officers); — sessions  held,  139. 

—  of    Centennial    Commission    of    the 

Society,  13,  35,  45. 

—  Reports  of-,  50. 

Members.  Additions  to-  (see  List) ; — 
ballots  canvassed  (see  Ballots); — 
card  to-  45,  95,  133  ; — classifica- 
tion of-  3,  80,  152  ; — deceased,  14, 
36,  96,  134,  154,  178  ; — delinquent, 
16  ;— elected,   r,    15,  37,  47,  59,  70, 


MEMBERSHIP 
96,  117,  125,  136  ; — list  published 
70; — location,  87;  —  memoirs,  96, 
154  ;— -nominations  for  special  ser- 
vice, 80  ; — number  and  increase, 
138  ; — photographs  of-,  45,  95,  116, 
133  ; — order  of  seniority,  resident 
and  non-resident-  3,  152. 

—  of    Institution    of   Civil    Engineers, 

171. 

Membership.  Applications  for  admis- 
sion, committee  on-  138  ; — con- 
ditions, 151; — certificate,  152; — 
efforts  to  increase,  1 51  ; — expulsion 
considered,  83,  136  ; — for  life,  S  ; — 
income,  17  ; — number  of  applica- 
tions, 138  ; — qualifications,  S3  ; — 
voice  of  non-resident-,  90  ; — votes 
to  exclude,  82,  136,  151. 

"Memoir  of  American  Engineering", 
a  paper,  70,  135. 

Memoirs  and  records  obtained  by  Cen- 
tennial Commission  of  the  Society, 
4,  19,  21,  24,  39.  86,  149,  157. 

Memoranda.     (See  Notes.) 

Memorials  to  Congress.     (See  Tests.) 

Metallic  alloys,  28. 

Metallurgical  engineering,  20. 

Metals,  abrasion  and  wear,  corrosion, 
27  ; — distortion  and  strain,  48,  57, 

171,  173- 

Metric  System  of  Weights  and  Meas- 
ures, 16,  31,  61,  178, — action  pro- 
posed, 62  ; — Boston  Society  of  Civil 
Engineers,  circulars  issued,  62,  178  ; 
— discussion  had,  85  ; — subject  con- 
sidered, 151  ; — use  in  British  India, 
31. — Resolution  for  appointment  of 
committee,  85,  137,  151  ; — ballot 
ordered,  173. 

Metrological  Society,  American-,  61. 

Milling  and  bread  making,  159. 

Milwaukee  Water  Works'  pumping  en- 
gines, a  report,  142. 

Mines,  and  tunnels,  91; — Columbia  Col- 
lege School  of-,  40. 

Mining  Engineer,  meaning  of-   38,  151. 

—  Engineers,  American  Institution  of-. 

(See  American.) 
Minutes  of  the  Board  of  Direction, 
3,  16,  38,  49,  60,  86,  97,  104,  116, 
124,  137,  173. 
-Januaiy    5th,    1876.  —  Proposals    for 
admission    considered,    Treasurer's 
report     presented,     appropriations 
made,   committee  appointed  to  ar- 
range names  of  members  in  order 
of  seniority,  3. 
-Febraary    2d,     1875. — Proposals    for 
admission    considered.    Treasurer's 
report  presented,  16. 
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MINUTES 

-February  9th,  1S76. — Appropriations 
made,  statement  relating  to  delin- 
quent members,  action  talcen,  16, 
— communication  from  Franklin 
Institute  presented,  committee  on 
.officers'  receptions  appointed,  reso- 
lutions relating  to  Board  to  Test 
Iron,  Steel  and  other  Metals 
adopted,  17. 

-March  1st,  1876. — Pi-oposals  for  ad- 
mission considered,  reference  to  a 
Bill  to  establish  a  National  Bureau 
of  Architecture  made,  amendment 
to  By-Laws  referring  to  the  term 
"Civil  Engineer"  and  the  question 
what  is  meant  by  it  referred,  com- 
mittee appointed  to  arrange  dis- 
cussion on  Technical  Education, 
communication  relating  to  experi- 
ments on  railway  traction  acted 
on,  38. 

-April  5th,  1876. — Proposals  for  ad- 
mission considered,  action  relating 
to  experiments  on  railway  traction 
reconsidered,  report  from  Joint 
Committee  on  Technical  Education 
made,  the  Centennial  Commission 
permitted  to  exhibit  drawings,  pho- 
tographs and  models  of  the  Society, 
invitations  to  be  extended  to  foreign 
engineers,  resolutions  refeiTing  to 
appointment  of  special  committees 
approved,  and  ballot  ordered,  49. 

-May  3d,  1876. — Proposals  for  admis- 
sion considered,  introductions  for 
foreign  engineers  ordered,  60. 

-June  7th,  August  2d,  vSeptember  6th, 
1S76.  —  Proposals  for  admission 
considered,  routine  business  done, 
86,  105,  117. 

-July  5th,  1876. — Meeting  not  held,  97. 

-August  l6th,  1876.  —  Reports  on 
Change  of  the  Society's  Rooms 
and  National  Recognition  of  the 
Society,  and  resolutions,  referring  to 
Metric  System  of  Weights  and  Mea- 
sures, and  to  Uniform  Accounts  and 
Returns  of  Railroad  Companies, 
presented  at  Eighth  Annual  Con- 
vention, considered,  Committees  on 
Quarters  of  the  Society  and  on 
Uniform  i\ccounts  and  Returns  of 
Railroad      Companies     appointed, 

137- 
-October  4th,  1S76. — Proposals  for  ad- 
mission and  preparation  of  Annual 
Report  of  the  Board  considered, 
Librarian  instructed  to  report  up- 
on   state    and    use   of    the    library, 
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-October  i8th,  25th,  1876. — Prepara- 
tion of  Annual  Report  of  the  Board 
considered,  137. 

-November  4th,  1876. — Appointment 
of  Standing  Committees,  referred, 
137, — Committees  on  Revision  of 
the  Constitution,  Change  of  Name 
of  the  Society,  Nominations  and 
Proposals  for  Membership,  Fitting 
and  Furnishing  the  Society's 
Rooms,  Quarters  of  the  Society, 
and  Officers'  Receptions,  appoint- 
ed, 13S. 

-December  6th,  1876. — Proposals  for 
admission  considered,  resolution  re- 
ferring to  the  metric  system  of 
weights  and  measures,  presented  at 
Eighth  Annual  Convention,  sub- 
mitted to  ballot,  173,- — rules  for 
management  of  the  libraiy  adopt- 
ed, expression  of  thanks  to  John 
B.  Jervis  ordered,  174. 
Minutes  of  the  Society,  15,  37,  47, 
59,  71,  97,  117,  125,  135,  172. 

-January  5th,  1876. — Ballots  for  mem- 
bers and  replies  to  circular  referring 
to  organization  of  Civil  Engineer's 
Insurance  League  canvassed,  com- 
munications read.  Committee  on 
Eighth  Annual  Convention  to  be 
increased,  i  ; — amendments  to  By- 
Laws  referring  to  Conventions, 
officers'  receptions,  abstracts  of 
papers,  special  committees  on 
engineering  subjects,  duties  of 
President  of  the  Society,  applica- 
tions for  professional  service,  and 
classification  of  resident  and  non- 
resident members,  considered,  acr 
tion  taken,  2. 

-January  I9lh,  1876. — Paper  on  the 
"  New  Portage  Bridge  "  read,  be- 
havior of  cement  under  different 
conditions  considered,  report  from 
Centennial  Commission  made,  the 
Exposition  buildings  and  space  to 
be  had,  described,  3. 

-February  2d,  1876. — Ballots  for  mem- 
bers canvassed,  additions  to  resident 
Committee  on  Eighth  Annual  Con- 
vention announced,  amendments  to 
By-Laws,  referring  to  Conventions 
and  officers'  receptions,  adopted, 
15; — "Notes  and  Suggestions  on 
the  Croton  Water  Works  and  Sup- 
ply for  the  Future  "  read,  discussed 
and  referred,  16. 
•  February  i6th,  1876.  —  Attention 
called  to  a  Bill  to  establish  a  Na- 
tional Bureau  of  Architecture,  com- 
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munication  referring  to  the  metric 
system  of  weights  and  measures, 
and  paper  upon  the  "  Practical 
Determination  of  Strains  in  the 
braced  Arch  "  read,  deaths  of  Wil- 
liam H.  AspiNWALL  and  William 
Y.  Arthur  announced,  action 
taken,   i6. 

-March  1st,  1876. — Ballots  for  mem- 
bers canvassed,  "  Consumption  and 
Waste  of  Water  delivered  by  Pub- 
lic Works  "  read,  report  on  "  Prog- 
ress of  Jetties  at  South  Pass  of  the 
Mississippi "  presented,  proposition 
to  establish  a  science  of  money 
referred  to,  the  "  New  Portage 
Bridge  "  discussed,  37. 

-March  15th,  1876. — Fall  of  an  iron 
bridge,  a  scale  for  discharge  of 
water  in  jets  and  from  mains,  and 
a  new  system  of  telegraphy  des- 
cribed, 37 ; — the  quantity  of  masoni7 
in  East  River  Bridge,  and'  note- 
book of  SiMKON  S.  Post  referred 
to,  38. 

-April  5th,  1876. — Ballots  for  members 
canvassed,  profile  of  South  Pass 
bar,  Mississippi  river,  presented, 
failure  of  dam  at  Worcester  des- 
cribed, "  Notes  and  Suggestions  on 
the  Croton  Water  Works  and  Sup- 
ply for  the  Future  "  discussed,  47  ; 
a  "  Water  Conduit  under  Pressure'" 
announced,  remarks  made  upon  pe- 
culiarities of  metals  under  strain, 
recent  experiments  on  railway  trac- 
tion illustrated,  resolutions  relating 
to  appointment  of  special  Commit- 
tees to  report  upon  Failure  of  Dam 
at  Worcester,  and  upon  Resistances 
of  Railway  Trains,  referred,  48. 

-April  19th,  1876. — "  History  of  the 
Lehigh  Coal  and  Navigation  Com- 
pany and  its  Works  "  read^  "  Notes 
and  Suggestions  on  the  Croton 
Water  Works  and  Supply  for  the 
Future  "  discussed,  48. 

-May  3d,  1876. — Ballots  canvassed  for 
members  and  on  appointment  of 
Committees  on  Failure  of  Dam  at 
Worcester  and  on  Resistances  of 
Railway  Trains,  dam  at  Worcester 
described,  "  Notes  and  Suggestions 
on  the  Croton  Water  Works  and 
Supply  for  the  Future  "   discussed, 

59- 

-May  17th,  1S76. — Foreign   engmeers 

received,  60. 
-June  7th,  1S76. — Ballots  for  members 
canvassed,  account  of  cx|)edilion  to 
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construct  telegraph  through  North- 
ern Asia  given,  71. 
-June  2lst,   1876. — Meeting  not  held, 

97- 

-July  7th,  1876. — Ballots  for  members 
canvassed,  death  of  P.  Porter 
PoMER  announced,  committee  ap- 
pointed, 96. 

-September  6th,  1876.- — Ballots  for 
members  canvassed,  "  Principles  of 
tidal  Harbor  Improvement  as  ap- 
plied at  Wilmington,  Cal.,"  pre- 
sented. Committee  on  Time  and 
Place  of  Ninth  Annual  Convention 
appointed,  American  engineering 
described,  117. 

-September  20th,  1876. — "  Principles 
of  tidal  Harbor  Improvement  as 
applied  at  Wilmington,  Cal.,"  read, 
behavior  of  a  steam  boiler  during 
explosion  of  a  rocky  reef,  described, 
125. 

-October  4th,  1876. — Ballots  for  mem- 
bers canvassed,  communications 
read,   125. 

-October  i8th,  1876. —  "Memoir  of 
American  Engineering"  read,  135. 

-November  15th,  1S76. — "  Reconstruc- 
tion and  Enlargement  of  Cork  Run 
Tunnel"  read,  137. 

-December  6th,  1876. — "The  Set  and 
Decrease  of  Resistance  of  Metals 
subject  to  Distortion  "  read,  resident 
members  of  Committee  on  Ninth 
Annual  Convention  appointed,  173. 

-December  20th,  1876. — "Connected 
segmental  Marine  Boilers,  a  Dem- 
onstration of  the  Principles  of  their 
Construction,"  read,  173. 
Minutes  of  the  Eighth  Annual 
Convention,  June  i3th-i6th,  1876, 
71. —  Attendance,  71. — First  ses- 
sion. Address  of  Vice-President 
Theodore  G.  Ellis,  "  Rise 
and  Progress  of  American  En- 
gineering", 73. — Chairman  elect- 
ed, "  Bridges  and  Roofs "  taken 
up  ;  "  Theory  of  Continuous  Gird- 
ers "  and  "  Design  and  Erection  of 
the  Exposition  Buildings ",  dis- 
cussed, 78. — Announcements,  Joint 
Meeting  on  "  Technical  Educa- 
tion "  ;  Presentation  from  Austrian 
Society  of  Engineers  and  Archi- 
tects. Second  session.  Amend- 
ments to  By-Laws  relating  to  ap- 
plications for  professional  service, 
considered,  79, — substitutes  offered, 
80,  81, — amendment  and  substi- 
tutes rejected  ;  resolution  adopted  ; 
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invitations  accepted  ;  Committees 
on  "  Establishment  of  an  Engin- 
eering Library  and  Museum  "  and 
on  "  Means  of  Averting  Bridge 
Accidents  "  discharged  ;  reports  on 
"  Change  of  the  Society's  Rooms  " 
and  on  "  National  Recognition  of 
the  Society"  presented.  Number 
of  votes  necessary  to  reject  an 
applicant,  considered,  82,  —  laid 
on  the  table.  Third  session. 
"  Bridges  and  Roofs  "  resumed  ; 
"  The  New^  Portage  Bridge  "  and 
'■  Erection  of  the  Verrugas  Bridge  " 
discussed,  83.  —  '■  Practical  Hy- 
draulics "  taken  uj)  ;  "  Waves  of 
Translation  that  Emanate  from  a 
submerged  Orifice",  "Hydraulic 
Experiments  with  large  Apertures", 
"  Croton  Water  Works  and  Supply 
for  the  Euture ",  and  "  Improve- 
ment of  the  Mouth  of  the  Missis- 
sippi "  discussed  ;  Report  on  the 
Guaging  of  Streams "  accepted. 
Invitations  presented.  "Strength 
of  Materials"  taken  up  ;  Report 
on  "  Tests  of  American  Iron  and 
Steel "  accepted,  84.  —  "  Metric 
System  of  Weights  and  Measures  ", 
"  Railroad  Accounts  and  Returns" 
considered  ;  resolutions  asking  ap- 
])ointment  of  committees  referred. 
Reports  on  "  Form,  Weight,  Life 
and  Manufacture  of  Rails"  and  on 
"  Failure  of  Dam  at  Worcester  ", 
85, — "  Nomenclature  and  Classifi- 
cation of  Masonry",  "Resistances 
of  Railway  Trains",  and  on  "  Tech- 
nical Education"  presented;  ac- 
tion taken.  Statement  of  Cen- 
tennial Commission.  Papers  on 
"  Guaging  of  Streams,  a  special 
Case  ";  "  Cut-offs  on  the  Mississip- 
pi ",  "  Qualities  of  Iron  and  Steel  ", 
and  discussions  on  "Croton  Water 
Works  and  Supply",  "Levees", 
"  Metric  System  of  Weights  and 
Measures"  and  "Railroad  Accounts 
and  Returns "  offered.  Thanks 
tendered,  and  unfinished  business 
referred,  86. 
Minutes  of  the  Twenty-fourth  An- 
nual MEETlNG,November  isl,i876, 
135.  Attendance,  Annual  Report  of 
the  Board  of  Direction  read  and  ac- 
cepted, 135  ; — ballots  for  members 
canvassed  ;  officers  for  1876-7  elect- 
ed ;  report  of  Board  of  Censors  to 
award  the  Norman  Medal  ;  time 
and    place    of    the    Ninth    Annual 


MISSISSIPPI 
Convention  fixed;  reports  on  "Tests 
of  American  Iron  and  Steel ", 
"  Guaging  of  Streams  ",  "  Resist- 
ances of  Railway  Trains  ",  and  on 
"  Uniform  Accounts  and  Returns 
of  Railroad  Companies";  also  of 
Centennial  Commission  of  the  So- 
ciety and  its  Committee  on  Fin- 
ance, accepted  ;  action  taken. 
Recommendations  in  report  of 
Board  of  Direction  referred,  136. 
— Head  of  Passes  at  mouth  of 
Mississippi  river  described,  137. 

Mississippi  river,  cut-offs,  86,  95  ; — 
improvement  of-,  84  ; — jetties,  37, 
120  ; — :passes,  47,  137.  (See  Im- 
provement, Jetties.) 

Money,  science  of-,  37. 

Morse,  Jajies  O.  —  Past  Treasurer, 
thanks  of  the  Board  of  Direction, 

153- 

Victors  and  machines,  25,  78. 

Museum.     (See  LIBRARY.) 

Mutual  Benefit  Society,  to  aid  families 
of  deceased  members  ;  committee 
and  work,  148.     (See  Civil.) 

Name  of  the  Society,  Committee  on 
Change  of-   138. 

National  Recognition  of  the  Society, 
federal  charter,  87,  88  ; — report  of 
committee,  82,  87,  137, — work,  148. 

—  roads,  73. 

Navigation,  inland-   24,  74. 
Netherlands,  Engineering  Exhibit  at  the 

Centennial    Exposition,   108.     (See 
Engineering.) 
"  New   Portage   Bridge  ",  a  paper,  read, 
3  ; — discussed,  37,  83. 

—  York  &  Erie  Railroad,  construction 

of-   38. 

Nomenclature  and  Classification  of  Ma- 
sonry. Reports  of  Committee,  86, 
88, — work,  147. 

Non-resident  membership.  (See  Li- 
brary, Members,  Membership.) 

Norman  Medal.  Award,  146,  154, — 
change  in  conditions,  146  ; — papers 
for-,  45,  95,  104,  146  ; — report  of 
Board  of  Censors,  136,  154. 

North-Eastern  Railway  of  Switzerland, 
manner  of  construction,  106. 

Note-book  of  SiMEON  S.  Post,  referring 
to  Construction  of  New  York  & 
Erie  Railroad,  38. 

"  Note  on  the  Resistance  of  Materials 
as  affected  by  Flow  and  Rapidity 
of  Distortion  ",  a  paper,  57. 

—  on   the   Strength  of  Materials  as  af- 

fected by  Time  ",  a  paper,  48. 
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NOTES 

Notes  and  Memoranda,  3,  19,  38,  50, 
61,  8g,  97,  105,  118,  126,  161. 

—  Bridge  Construction,  American,  118  ; 
Fall  of  an  Iron  Bridge,  40  ;  Bridges 
and  Bridge  Foundations,  113. — 
Centennial  Commission  of  the 
Society,  3,  19,  38  ; — circulars  sent 
out  on — Bridges  and  Bridge  Con- 
struction, 5, — Canals  and  inland 
Navigation, 24, — Electric  Engineer- 
i'lg.  5. — Foundations  and  Masonry, 
22,— GasEngineering,23, — Hydrau- 
lic Motors  and  Machines,  25, — Me- 
chanical Engineering,  22, — Metal- 
lurgical Engineering,  20,  —  Park 
and  I>andscape  Work,  Surveying 
and  Geodesy,  26, — Railroads  and 
i-olling  Stock,  23, — River  and  Har- 
.bor  Improvements,5,— Sewerage  and 
Sanitary  Engineering,  39, — Steam 
Engineering,20, —Water  Works, 4. — 
Civil  Engineers'  Insurance  League. 
S. — Committee  Work,  120. — Com- 
pressed Air  Locomotive,  91. — Con- 
cerning Conventions,  8,  30. — Dams 
for  Reservoirs,  97,  161. — Determin- 
ation of  the  Resistances  of  Railway 
Trains,  50. — Discharge  of  Water 
from  Jets,  90. — Engineering  Ex- 
hibits at  the  International  Exhib- 
ition ;  Sketches  of  France,  126, 
Switzerland,  105,  the  Netherlands, 
loS. — Jetties  at  South  Pass,  Missis- 
sippi River,  120. — Laying  Masonry 
in  cold  Weather,  30,  90. — Letter 
from  Squire  Whipple,  7. — Life 
Membership,  8. — Metric  System  of 
Weights  and  Measures,  31,  61. — 
Ninth  Annual  Convention,  164. — 
Reports  of  Meetings,  50. — Selecting 
Papers  to  be  published,  6.— -Selec- 
tions from  Correspondence,  6,  30, 
40,  90,  97,  113,  1x8,  161. — Tests  of 
American  Iron  and  Steel,  26,  39, 
51,  62,  89,  100  ; — action  taken  by 
American  Institute  of  Mining  En- 
gineers, 51, — American  Iron  and 
Steel  Association,  39,  —  Cornell 
University,  62, — Columbia  College 
School  of  Mines,  Lyceum  of  Natural 
History,  Oberlin  College,  Univer- 
sity of  Michigan,  40. 

" — on  the  Masonry  of  the  East  River 
Bridge",  a  paper,  171. 

" — and  Suggestions  on  the  Croton 
Water  Works  and  Supply  for  the 
Future  ",  a  paper,  35.    (See  Croton.) 

Oberlin  College,  40. 

Officers,  election  by  letter  ballot,  152  ; 
— for  1876-7,  136  ; — of  Annual  Con- 
ventions, 8,  178. 


ORDER 

—  receptions.     By-Law,    15,   150,   153  ; 

— committee  appointed,  17,  13B, 
152  ; — meeting  held,  139.  (See  l>y- 
Law.) 

Order  of  business  at  Annual  Conven- 
tion, 78,  139. 

Orthogonal  strains,  28. 

Pacific  Railway,  77. 

Papers;  abstracts  of-,  2,  153  (see  By- 
Laws)  ; — extra  copies,  illustrations, 
124,  133,  177  ; — for  Norman  Medal, 
45,  95,  104; — engineering  subjects, 
123,  133,  177; — list  of  Papers, 
presented,  140, — published  and  un- 
published, 141, — received,  35,  45, 
57)  70>  94.  104,  171  ; — selection  for 
publication,  6,  7. 

—  and  magazines,  received,  143. 
Parks  and  landscape  work,  26. 
Passenger  sloop,  advertisement  of-,  75. 
Pavement,  slope  wall-,  99,  161. 
Phenomena    accompanying    rupture    of 

metals,  28. 
Photographs  of  members,  45,   95,    116, 

133- 
Photo-tracings,  how  made,  107. 
Physical  apparatus,  159. 
Piers  for  bridges,   no,  112,  113.     (See 

Bridges,  Engineering  Exhibits.) 
Piles  and  pile  drivers,  no. 
Pin  connection  trusses,  in. 
Pipes,    cast-iron   water-.      (See   Water 

pipes.) 
Plate  and  lattice  girders,  107,  in.   (See 

Girders.) 
Plenum-pneumatic    process    of    sinking 

foundations,  no. 
Policy  of   the   Society,    committee  and 

work,  148. 
PoNiEK,  P.  Porter. — Death  announced, 

96,  97  ; — committee  appointed,  97  ; 

— memoir,  154. 
Port  improvements  of  France,  148. 
Post,   Simeon  S. — Note-book  referring 

to   Construction  of  the   New  York 

and  Erie  Railroad,  38. 
"  Practical  Determination  of  the  Strains 

in  the  braced  Arch  ",  a  paper,  16. 
" — Hydraulics  "  discussed,  84. 
President's  duties,  By-Law,  2,  153. 
"  Principles   of  tidal    Harbor  Improve- 
ment,   as    applied    at    Wilmington 

Harbor,   Cal.,"  a  paper,  104,   117, 

1.25- 

Proceedings,  Index  to-,  35,  58,  104,  142, 

178. 
Professional    subjects,    committees  on-, 

146. 
Propeller,  Fitch's  steamboat  and-,  74. 
Publication    of  Papers,    considered,    6, 

142. 
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PUBLICATIONS 
Publications  received,  144. 
Pul)lic  improvements,  a  century  ago,  73  ; 

— of  'France,  129.' 
Puddle  walls,  how  made,  gg,  162. 
Pumps,    air-,    ill  ; — for    water    supply, 

128,  160. 
Pumping    engines,    109,    116,    128,    142, 

161. 

Qualifications  of  applicants  for  mem- 
bership, discussed,  83. 

"  Qualities  of  Iron  and  Steel ,"  a  paper, 
86,  94. 

Quarterly  receipts  and  expenditures,  18. 

Quarters  of  the  Society,  committee 
appointed,  138, — work.  150.  (See 
Rooms.) 

"  Railroad  Accounts  and  Returns  "  dis- 
cussed, 85,86.     (See  Uniform.) 

—  cars,   locomotives  and  rails,    127  ; — 

surveys  and  work,  107. 

Railroads  and  rolling  stock,  23  ; — prog 
ress  in-,  76. 

Rails,  cars  and  locomotives,  127  ; — 
Form,  Weight,  Manufacture  and 
Life  of-,  report  of  committee,  86, 
— its  work,  146. 

Railway,  construction  and  cost,  106  ; 
— .Signals,  committee  on-,  85, — its 
work,  146;  —  the  North-Eastern, 
106, — Orleans,  127, — Pacific,  77  ; — 
traction,  38,  48,  50.  (See  Resist- 
ances.) 

Rainfall  and  existing  water  supply.  (See 
Guaging.) 

Receptions,  officers'-.     (See  Officers.) 

Recommendations  of  the  Board  of  Di- 
rection, referring  to — Amendments 
of  the  By-Laws,  i,  2,  15,  78,  153  ; 
— election  and  expulsion  of  mem- 
bers, 136,  151  ; — form  of  publica- 
tion, 136,  142  ; — increase  and  use 
of  library,  145,  145  ; — letter  ballot 
for  officers,  152, — on  resolutions, 
48  ; — officers'  receptions,  150. 

"  Reconstruction  and  Enlargement  of 
Cork   Run    Tunnel  ",    a  paper,   58, 

137; 

Re-heating  and  re-rolling  metals,  29. 
Reports  as  follows  : — 

—  Board    of    Censors    to    award 

THE  Norman  Medal,  154. 
-November    1st,     1876. —  INo    award 
made,  154. 

—  Board  of  Direction,  138. 
-November  1st,  1876. — Members,  num- 
ber and  increase,  138. — Meetings 
held,  evening  meetings,  officers' 
receptions.  Eighth  Annual  Conven- 
tion,  order  of    business,  139.^ — Pa- 


REPORTS 
pers  presented,  published  and  not 
published,  cost  and  size  of  the 
Journal,  141. — Contents  of  "Pro- 
ceedings ",  volumes  closed,  title 
pages  and  index  issued,  "  List  of 
Members  ",  merging  "  Transac- 
tions "  and  "  Proceedings  ",  142. — 
Appendixes  to  the  Journal,  increase 
of  library,  periodicals  received,  143. 
— Transactions  in  exchange,  state 
of  library,  contributions  per  Cen- 
tennial Commission,  144. — Cata- 
logue, expenditure  recommended, 
founding  an  engineering  library, 
145. — Donations  asked,  duplicate 
copies,  use  of  library  to  non-resi- 
dents, thanks  to  donors,  award  of 
Norman  Medal,  committees  on  pro- 
fessional subjects,  and  for  spec- 
ial work,  147.  —  Civil  Engineers' 
Insurance  League  ;  the  Centennial 
Commission,  its  plan,  148, — sub- 
committees, rooms,  memoirs,  ex- 
penses and  results  ;  American  In- 
stitute of  Mining  Engineers,  149. — 
Courtesies  to  foreign  engineers. 
Society's  rooms, permanent  quarters, 
evening's  use,  officers'  receptions, 
150. — Metric  system  of  weights  and 
measures,  fee  of  Fellows,  and  other 
members,  increase  of  each  class, 
conditions  of  membership,  votes  to 
exclude,  exjnilsion  of  members,  ac- 
tion recommended,  1 5 1. — Definition 
of  Civil  Engineer,  residents  and 
non-residents,  letter-ballot,  appoint- 
ment of  special  committees,  election 
of  officers,  certificates  of  member- 
ship, seniority  of  members.  Changes 
in  the  By-Laws,  referring  to  special 
committees,  Annual  Conventions, 
Honorary  Members,  officers'  recep- 
tions, and  abstracts  of  papers,  152. 
— Action  taken,  thanks  to  Past 
Treasurer,  Treasurer's  annual  re- 
port, 153. — Deceased  members,  154. 

—  Centennial  Commission    of  the 

Society,  156. 
-November  1st,  1S76. — What  was  pro- 
posed and  done,  space  filled,  ex- 
hibits elsewhere,  state  of  engineer- 
ing represented,  work  of  Resident 
Secretary,  increased  respect  for 
American  engineers,  156. — Benefit 
to  the  Society,  memoirs  to  be  pub- 
lished, funds  required,  157. 

—  Change  of  the  Society's  Rooms, 

87. 
-June  14th,  1S76. — When  present  lease 
expires,  action  with  other  societies, 
what  is  recommended,  87. 
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REPORTS 

-  Committee    on     Finance,     Cen- 

tennial Commission,  157. 
-November  isit,   1876. — Amount   paid, 
sum  needed,  157. 

-  Lawrence    Water   Works,  pumping 

engines,  116,  142. 

-  Meetings.       Determination    of    tlie 

Resistances  of  Railway  Trains,  50. 
(See  Resistances.) 

-  Milwaukee  Water  Works,  pumping 

engines,  142. 

-  Nomenclature  and    Classifica- 

tion OF  Masonry,  88. 
-June  15th,  1876. — Resolution  forming 
committee,  scheme  of  operations 
determined,  members'  reply  to  cir- 
culars, drawings  prepared,  88, — 
action  to  be  taken,  progress  report- 
ed, 89. 

-  Securing    a     National     Recog- 

nition OF  THE  Society,  87. 
-June  14th,  1876. — A  federal  charter 
recommended,  membership  of  the 
Society,  numbers  and  location,  work 
done  and  progress  made,  the  Cen- 
tennial Commission,  87.  —  Object 
and  design  of  the  Society  ;  an  in- 
surance on  public  improvements,  to 
have  governmental  recognition,  88. 

-  Tests    of    American     Iron    and 

Steel,  60,  155. 

-May  nth,  1876. — Action  required, 
economy  demanded,  results  des- 
cribed, 60  ; — aid  requested,  61. 

-November  1st,  1876. — Efforts  made, 
testing  machine  incomplete,  unex- 
pended balance,  services  rendered, 
payments  made,  appropriation  ask- 
ed, aid  requested,  155. 

-  the  Treasurer.  3,  16,  135,  138. 

-  Time    and  Place   of  Ninth   An- 

nual Convention,  154. 
-November    ist,     1876. — Canvass    of 
votes,    no    choice,   communications 
presented,  154- 

-  uniform  Accounis  and   Returns 

OF  Railroad  Companies,  187. 
-November  ist,  1876. — Accounts  and 
returns  in  Massachusetts,  interview 
with  chief  accountant,  ap])ointment 
of  committee,  with  jiower,  recom- 
mended, 157- 

-  uniform     Method     <>v     cuacinc 

Streams,  61. 
-Mav  30th,  1876. — No  uniform  method 
applicable,  comparison  of  records 
desirable,  complete  record  kept  ])y 
the  Smithsonian  Institute,  61.— 
Discussion  by  J.  J.  R.  Croes,  118. 

-  Vienna      International      I'',\liil>itinn, 

158.     (See  Vienna.j 


REPORTS 
Reports,  copies  forlibraiy,  requested,  146 

(see  Announcements)  ; — made   to 

the    Society,    140;  —  unpublished, 

141. 
Resident  membership.     (See   Members, 

Membership.) 

—  Secretary  of  Centennial  Commission 

of  the  Society,  5,  39,  48,  156. 
Resigned  members,  124,  172. 
Resistances  of  columns  and  girders,  27  ; 

— materials,   57  ; — metals,  171,  173. 

—  of   Railway    Trains.    Determination 

of-,  elements  of  resistance,  50, — 
dynamometer  described,  cause  of 
variation,  economical  speed,  friction 
of  journals,  51. — Subject  discussed, 
38,  50, — resolution  offered,  48,  49, 
— ballot  had,  59, — reports,  86,  136, 
— committee  and  work,  147. 

Resolutions,  relating  to — accounts  and 
returns  of  railway  companies,  85, 
137  ; — amendments  to  By-Laws,  38, 
— to  Constitution,  83  ; — death  of 
William  Y.  Arthur,  delinquent 
members,  16  ; — failure  of  Worcester 
dam,  48  ; — metric  system,  85,  137, 
151,  173  ; — Mutual  Benefit  Society, 
148  ; — professional  service,  80,  81, 
153  ; — resistances  of  railway  trains, 
48  ; — special  committees,  48,  49, 
82,  85,  137,  151,  173  ; — testing  iron 
and  steel,  17,  30. 

"  Rise  and  Progress  of  American  En- 
gineering ",  address  by  Theodore 
G.  Ellis,  73.     (See  Address.) 

River,  and  harbor  improvement,  5,  73, 
108,  109,  117,  125,  127,  160, — and 
lake  navigation,  25. 

Road  construction,  French,  126  ;  — 
government  roads,  74. 

Rock-drilling  machinery,  106. 

Roofs  and  bridges,  78,  83. 

Rooms  of  the  Centennial  Commission, 
17,  19,  39,  70  ; — of  the  Society, 
Committee  on  Change  of-,  82, — re- 
port, 87,  137,— on  Furnishing,  138. 
— Location,  use,  87,  150.  (.Sec 
Announcements,  Quarters.) 

Rubble  cement  masonry,  162. 

Sanitary  engineering,  39. 

School  of  Mines,  Columbia  College,  40. 

Schools  of  engineering,  77,  129,  160. 

Science  and  education,  159. 

"  Securing    a    national    Recognition    of 

the  Society."     (.See  National.) 
Selections   from    Correspondence,  6,  30, 

40,    90,    97,    113,    118,    161.      (.See 

Notes.) 
Secretary  of  Board  to   test   Iron,   .Steel 

and  other  Metals,  84,  8g,  155. 
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SENIORITY 

—  of  Centennial  Commission,  Resident, 
5,  39,  48,  156. 

Seniority  of  members,  committee  on-,  3, 
152. 

Sewerage,  39,  77. 

Sewing  machines,  160. 

Sheep  and   wool,  159. 

Signals,  railway,  85,  146. 

Sketches  of  Engineering  Exhibits  at  the 
International  Exposition,  105,  126. 
(See  Engineering.) 

Slope  wall  pavement,  99,  i6r. 

Sloop,  advertisement  of  passenger-,  75. 

Smithsonian  Institution,  records  of  rain- 
fall, 61. 

Society  (The).  Design  and  object,  88  ; 
— progress  made,  work  done,  87. 

Solar   heat,    the    motor    of  the    future. 

Special  committees  on  engineering  sub- 
jects. (See  Committees,  Resolu- 
tions.) 

Specifications  for  an  Earthen  Dam,  98, 
i6r  ; — for  railroad  work,  107. 

Spiling  walls,  97,  99,  162. 

Stage  routes,  advertisement  of-,  75. 

Statement  of  the  Finances  of  the 
Society,  17. 

Statistics  of  European  manufactures, 
160. 

vStanding  Committees  appointed,  137. 

Steamboat,  Fitch's,  74,  —  Fulton's, 
75  ; — steamboats  and  mail  coaches, 

Steam,  boilers,  125,  160, — engineering, 
20  ; — engines,  74,  95,  159  ; — EvANS' 
locomotive,  95  ; — traction, 160. 

Steel,  compressed-,  160  ;  —  for  tools, 
produced  by  modern  jarocesses,  29  ; 
— qualities  of-,  86  ; — series  for  test- 
ing, 27.  (See  Board,  Committees, 
Iron,  Tests.) 

Stern  wheel,  74. 

Stone  culverts,  107  ;  —  lor  gate-house 
and  well,  99,  162. 

Strains,  in  girders,  160,  174;— in  met- 
als, 48  (see  Resistances) ; — in  the 
braced  arch,  16,  57  ; — orthogonal-, 
28. 

Streams,  guaging  of-.     (See  Guaging.) 

Strength  of  materials,  48,  84. 

Sub-committees  of  the  Centennial  Com- 
mission of  the  Society,  members 
and  work,  3,  38,  149. 

Superstructure  of  bridges,  120. 

.Surveying  and  geodesy,  26. 

Surveys  in  Switzerland,  107. 

Swing  bridges,  126,  128. 

Switzerland,  Engineering  Exhil)it  at 
the  Centennial  Exjjosition,  105. 
(See  Engineering.) 


TABLES 

Tables  of  sizes  and  strength  of  chain 
cables  and  wire  ropes,  27. 

Technical  Education,  joint  discussion 
of-  committees  appointed,  38  ; — • 
meetings  held,  79  ; — reports,  49,  86, 
171  ; — work,  147. 

Telegraphs,  expedition  through  North- 
ern Asia,  71  ; — report  on-,  159. 

Telegraphy,  fac  -  similie-,  described, 
37,58. 

Test  loads,  deflections  of  bridges,  107. 

Tests  of  American  Iron  and  Steel. — Aid 
required,  60,  85,  155. — Appropria- 
tions asked,  29,  30,  35,  40,  51,  84, 
90,  100,  155. — Committee  reports, 
60,  84,  155,  —  memorials  to  Con- 
gress, 30,  85,^ — work,  146. — Inves- 
tigations of-,  Abrasian  and  Wear, 
Armor  Plate,  Cast  Iron,  Chains  and 
Wire  Rope,  Chemical  Research, 
Corrosion  of  Metals,  Effects  of 
Temperature,  Ciirders  and  Columns, 
Malleable  Iron,  Metallic  Alloys, 
Orthogonal  Strains,  Physical  Phe- 
nomena, Re-heating  and  Re-rolling, 
Steel  produced  by  modern  process- 
es. Tool  Steel,  27.  —  Knowledge 
desired,  87, — its  value,  90. — Pro- 
portions of  test  pieces,  27. — Results 
obtained,  29,  60.  —  Scientific  re- 
search necessary,  89. — Testing  ma- 
chine, 29,  89,  155.  (See  Board, 
Committees,  Iron,  Steel.) 

"  Theory  of  continuous  Girders  in  Rela- 
tion to  Economy  of  Bridge  Build- 
ing ",  a  paper,  45. 

Tidal  harbor  improvement.  (See  Prin- 
ciples.) 

Timber  bridges,  Wernwag'.s-,  75. — 
Culture  and  use  of  timber,  159. 

Time,  and  place  of  Annual  Convention, 
136, 154, 164; — as  affecting  strength 
of  materials,  48. 

Topics  for  discussion  at  Annual  Con- 
vention, 57,  69,  I3(), 

Tool  steel,  29. 

Toothing,  99,  162. 

Traction,  railway-,  48.     (See  Railway.) 

Transactions,  contents,  13  ; — cost  and 
size,  141;  —  form  of  publication, 
136,  142  ; — to  delinquent  memloers, 
16, — topical  index,  142. 

Treasurer's  reports,  17,  135,  153  ; — re- 
tirement of  James  O.  Morse,  153. 

Trevithic,  Evans,  and  Hull,  74. 

Tunnel,  Cork  Run,  58,  137; — St.  Goth- 
ard — description,  time  for  comple- 
tion, men  employed,  machinery 
used,  progress  made,  geologic  rec- 
ord, 106.     (See  Compressed.) 

Tunnelling,  American,  45. 


XVI 


UNIFORM 

Uniform  Accounts  and  Returns  of 
Railroad  Companies. — Committee 
appointed,  136,  137  ;  —  report, 
136,  157, — work,  147.  (See  Rail- 
road.) 

—  jNIethod  of  Guaging  Streams.  Dis- 
cussion of  Report,  118.  (See  Guag- 
ing-) 

United  States  Board  to  test  Iron,  Steel 
and  other  JNIetals.     (See  Board.) 

University  of  Wisconsin,  40. 

Verrugas  bridge,  erection  of-,  83. 

Viaducts,  in  America,  77, — France,  126, 
160, — the  Netherlands,  in. 

Vienna  International  Exhibition,  Re- 
ports on—.  Commissions  appointed, 
reports  made ;  historical  accounts 
of  international  exhibitions  ;  foreign 
reports  on  American  exhibits  ;  edi- 
tor's preface,  158.  —  Reports  on 
.  forestry,  culture  and  use  of  timber, 
sheep  and  wool,  milling  and  bread 
making,  physical  apparatus,  instru- 
ments of  precision,  telegraphs, 
primary  education,  printing  and 
government  publications,  steam  en- 
gines, motors,  pumps,  tools,  propul- 
sion, 159, — valve  motions,  steam 
traction,  air  and  gas  engines,  water 
wheels,  compressed  steel  and  bronze, 
European  manufactures  and  manu- 
facturing establishments,  iron  mak- 
ing   countries,     sewing     machines, 


VOLUMES 

civil  engineering,  rivers,  canals  and 
hydraulic  work,  architecture,  exhi- 
bition buildings,  iron  and  steel, 
metallurgy.  The  index,  160. 
Volumes  closed.  Index  and  titles,  142, 
178. 

Walls,  artificial  blocks  for-  128  ; — 
cut-off,  spiling,  and  puddle  Malls, 
97,  99,  162. 

Washington's  reports  on  canals  and 
river  improvements,  73. 

"Water  Conduit  under  Pressure",  a 
paper,  48,  58. 

—  and  waste  pipes,  cast  iron,  98,  161  ; 
— discharge  from  jets  and  mains, 
90  ; — distribution,  128  ; — flow  of- 
power  in  Switzerland,  108. 

Water  works,  a  circular,  4,  71  ; — exhib- 
its at  Centennial  Exposition,  171  ; 
— pumping  engines,  109,  116,  128, 
142,  161.  (See  Consumption, 
Croton.) 

"  Waves  of  Translation  that  emanate 
from  a  submerged  Orifice  ",  dis- 
cussed, 84. 

Weights  and  measures.     (See  Metric.) 

Weirs,  construction  of-,  108. 

Well  and  gate-house,  99,  161. 

Whipple,  Squire-,  letter,  7. 

Williams,  William. — Death  announc- 
ed, 134  ; — memoir,  154. 

Wire  ropes  and  chain  cables,  27. 

Wooden  bridges.     (See  Bridges.) 


Imijriran  %ockk  of  iitiil  Inriineers. 


PROCEEDINGS. 


Vol.    III.    February,    1877. 


MINUTES     OF     MEETINGS 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 

Januaey  17th,  1877. — A  stated  meeting  was  held  at  8  o'clock  p.  m. 

Commuuicatious*  from  Messrs.  Charles  "W.  Copeland  and  Francis 
"CoUingwood,  giving  account  of  the  "  Mount  Washington  Eailway,  (N. 
H.),  its  construction  and  operation,"  were  read  and  discussed.  A  photo- 
gi'aph  of  a  i3ortion  of  the  railway,  showing  the  center  rail  and  the  style 
of  locomotive  engine  used,  Avas  exhibited. 

It  was  announced  that  the  American  Institute  of  Mining  Engineers 
would  hold  a  general  (quarterly)  meeting  in  this  city,  beginning  Tuesday, 
February  27th,  next,t  and  the  Institute  was  invited  to  meet  at  the  rooms 
of  the  Society. 

"Facts  and  Opinions  in  regard  to  Failure  of  the  Railway  Bridge  at 
Ashtabula,  Ohio,"  were  then  considered.  Extracts  relating  to  the  mat- 
ter, from  newspajjers  and  other  sources,  ■with  illustrations  of  the  structure 
and  its  site  were  presented. 

Mr.  Charles  Macdonald,  who  had  examined  the  wreck,  soon  after  its 
failure,  described  the  plan  of  the  bridge,  and  its  appearance  after  the 
-disaster  ;  a  general  discussion  followed. 

Febkuaky  7th,  1877. — A  regular  meeting  was  held  at  8  o'clock  p.  m. 

The  vote  on  admission  to  membership  was  canvassed  and  the  follow- 
ing declared  elected  : — Members — Frederick  S.  Benson  of  Brooklyn,  N. 
Y.  ;  Eckley  B.  Coxe  of  Drifton,  Pa.  ;  WiUiam  C.  GunneU  of  Hartford, 
Conn.,  and  David  E.  McComb  of  Washington,  T>.  C.  ;  and  Junior, 
Sandford  Horton  of  New  York. 

At  the  same  time,  the  vote  ordered  December  6th,  1876  J  (under  res- 
olution presented  at  the  Eighth  Annual  Convention  |),  upon  appointment 
of  a  Committee  to  report  to  the  Society,  a  form  of  Memorial  to  Congress 
in  furtherance  of  the  adoption  of  a  metric  standard,  was  canvassed,  with 
the  following  result — ayes  138,  nays  73,  and  blank  20. 

•  See  page  12.   t  See  page  18.   t  Vol.  II,  page  173.   §  Vol.  n,  page  85. 


A  pajDer  by  Henry  F.  Walling,  C.  E,,  of  Boston,  Mass.,  on  "Co- 
ordinate Surveying"  was  read;  also— as  relating  to  the  same  subject — 
extracts  from  a  recent  report  upon  the  "New  York  State  Survey." 

Attention  was  called  to  the  next  meeting  of  the  American  Institute  of 
Mining  Engineers  ;  the  fii'st  session  to  be  held  at  the  Society's  Eooms- 
Tuesday  evening,  February  27th  ;  a  session  also  to  be  held  Wednesday 
evening  following,  when  an  informal  discussion  will  be  had  on  the 
"advisability  and  practicability  of  adopting,  in  this  country,  the  metrie 
system  of  weights  and  measures  "  ;  members  were  invited  to  attend. 

"Facts  and  Opinions,  in  regard  to  Failure  of  the  Railway  Bridge  at 
Ashtabula,  Ohio,"  were  taken  up.  Communications  from  Messrs.  G.  K. 
Warren,  E.  N.  Beebout  and  E.  S.  Philbrick,  were  read,  and  the  subject 
was  further  discussed  by  Messrs.  William  P.  Shinn,  George  S.  Morison,. 
and  others  present. 


OF  THE  BOARD  OF  DIRECTION. 

Febkuaky  7th,  1877. — ^A  stated  meeting  was  held  at  3  o'clock  p.  m. 

The  manner  of  keeping  the  accounts  of  the  Society  and  appropri- 
ating its  funds,  was  considered  and  a  plan  adopted  ;  the  stated  meetings 
were  placed  under  the  direction  of  the  President,  Secretary  and  Com- 
mittee on  Library,  to  arrange  papers,  reports  and  other  subjects  for  con- 
sideration, the  orderof  business  and  to  give  special  invitations  to  attend  ; 
recommendations  from  the  Committee  on  Library,  regarding  copyright, 
and  title  of  the  Society's  monthly  publications  and  the  publication  of  re- 
ports, were  presented  and  acted  on  ;  the  Treasurer's  report  of  receipts 
and  expenditures  for  quarter  ending  January  31st,  was  accepted,  aj^i^ro- 
priations  were  made,  and  other  business  transacted. 

Febkuaet  9th,  1877. — An  adjourned  meeting  was  held  at  10  o'clock  a.  m. 
Proposals  for  admission  to  membership  were  considered. 


REPORT     OF  COMMITTEE 

On  Fixaxce,  for  Year  ending  Oct.  31st,  1876. 

Accepted  January  3d,  1877. 

We  have  carefully  examined  the  Treasurer's  1    Bank-book,    Seaman's    Savings 

accounts  of  receipts  and  expenditures,  and  Bank  for  Savings  (balance*) $764  17 

compared  them  with  entries  and  vouchers,  1  $1  000  bond,  Norman  Medal  Fund    1  000  00 

and  find  them  correct.     We  have  also  exam-  8  Jl  000  bonds,  Fellowship  Fund.. .     8  OOfi  00 

ined  the  securities  of  the  Society  In  the  hands  1  $500  bond,            "               "    ....        .500  Oa 

of  the  Treasurer,  deposited  for  safety  in  the  

vault  of  the  Central  Safe  Deposit  Company,  Making  a  total  t  of $10  264  17 

(corner   of    Twenty-third    street    and  Sixth  *  July  1st,  1876.     t  See  detail  report  of  sub- 

aveuue).    These  securities  are  as  follows  :  committee. 


Some  modification  of  tlie  system  of  dis- 
bursing the  Society's  funds  seems  desirable. 
It  has  been  suggested  that  at  intervals 
through  the  year,  the  Finance  Committee, 
after  ascertaining  the  balance  at  the  time  on 
hand,  should  designate  the  amounts  appli- 
cable to  the  ordinary  expenses  and  the  sum 
that  could  be  devoted  to  increase  of  the  Li- 
brary, etc.  ;  but,  on  account  of  the  irregu- 
larity in  the  periods  and  amounts  of  the 
payments  from  members,  etc.,  this  is  not  as 
feasible  as  it  might  at  first  view  appear  to  be. 
Thus,  during  November  and  December,  1875, 
and  January,  1876,  $i  613.46,  or  about  45  per 
cent,  of  the  total  for  the  year,  were  received. 
In  the  month  of  October,  1875,  only  $295 
came  in  ;  while  in  the  next  mouth,  Novem- 
ber, $1921.10  were  received;  whereas  in 
November,  1876,  only  $412-50  were  received 
(or  $1,500  less  than  in  the  same  month  of 
1875),  while  in  the  first  20  days  of  December, 
1876,  the  receipts  were  $2  437,43.  The  mere 
fact  of  a  balance  in  the  treasury  at  any  given 
date,  will  not  of  itself,  afford  sufficient  data 
upon  which  to  base  the  disposition  of  the 
several  expenditures  ;  an  analysis  of  the 
items  of  receipts  and  expenditures  will  be 
necessary  to  determine  how  much  might 
fairly  be  appropriated  for  expenses,  beyond 
the  ordinary  annual  expenditures. 

In  1876,  the  leading  items  of  expenses  were : 

Secretary  and  clerks S3  000  00 

Transactions 2  613  00 

Rent,  fuel  and  light 1  884  00 

Stationery  and  printing $537 

Postage 260 

797  00 

Reporting  Proceedings 369  00 

Total $8  663  00 


These  cover  about  95  per  cent,  of  all  ex- 
penses for  the  fiscal  year  ending  October  31st, 
1876. 

The  leading  receipts  for  the  same  year 
came  from  the  following  sources  : 

Entrance  fees.. $1  670  00 

Members'  annual  dues 7  0 14  00 

Annual  interest  of  funds 630  00 

Advertisements 597  00 

$9  911  00 


The  total  amount  received  was  $10  433.39 
(including  balance,  $281.75,  at  end  of  the 
previous  year,  and  $150  Fellowship  subscrip- 
tion). 


At  the  end  of  the  fiscal  year  of  1876,  there 
was  an  ajiiiarent  balance  of  $1274.77;  but  a 
few  daj's  after  the  close  of  the  fiscal  year, 
a  number  of  bills  which  had  to  be  paid, 
amounting  to  some  hundreds  of  dollars, 
came  in. 

It  may  be,  we  think,  safely  assumed,  that 
the  receipts  for  the  present  fiscal  year  will 
at  least  equal  those  of  last  j'ear  ;  so  that 
if  the  receipts  should  be,  in  round  numbers 
$10  0C0,  and  the  usual  expenses,  say  $9  000, 
there  would  be  between  $1  500  and  $2  OOO 
(including  the  actual  available  balance  from 
1876),  applicable  to  the  Library,  or  such  other 
purposes  as  the  Society  might  deem  proper. 

It  may  be  worth  considering,  whether 
or  not  it  is  advisable  to  create  and  maintain  a 
reserve  fund,  to  aid  in  securing  more  com- 
modious, permanent  quarters. 

For  convenient  reference,  we  have  summed 
up  the  receipts  in  1875,  during  each  month, 
as  follows  : 

November,  1875* $1  921  10 

December,          "  1234  37 

January,      1876 1457  99 

February,       "  725  80 

March,             "   690  55 

AprU,               "  799  57 

May,                "  490  03 

June,                "  547  50 

July,                "  567  10 

August,            "  1  107  50 

September,     "  596  88 

October,          " 295  00 


Total,  $10  433  39 


In  the  spring  the  balance  on  hand  is 
heaviest,  as  the  monthly  expenditures  are 
more  equally  divided  throughout  the  year 
than  are  the  monthly  receipts. 

With  the  foregoing  statement  before  them, 
the  Board  of  Direction  can  judge  (as  well  as 
can  the  Library  and  Finance  Committees)  ap- 
Xiroximately,  respecting  the  disposition  of  the 
Society's  funds  for  the  present  fiscal  year. 
An  average  of  about  $760  per  month  was  ex- 
pended during  the  fiscal  year  of  1876. 

We  regard  it  as  a  fitting  time  to  establish  a 
system,  which  can  be  conveniently  carried 
out,  regulating  appropriations  to  be  made  by 
the  Board  of  Direction. 

W.  MiLuoR  Roberts.  )     Members 
W.  H.  Paine,  J  Finance  Com. 

*  Including  $281.75  balance  from  preceding 
year. 
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STATEMENT  OF  THE 

FINANCES    OF    THE    SOCIETY, 

Pbepaeed  from  the  Treasukek's  Reports.* 


EECEIPTS,  1875-6. 

Past  Dues  from  7  resident  Members $295  00 

<<  17  nou-resident  "        325  00 

<i  1  '■  Associate 10  00 

$630  00 

Current  Dues  from  79  resident  Members $1  075  00 

"       .  3        "        Associates \ 

8        "        Juniors |  3  660  00 

•<  233 ucn-resident Members. .  ' 

11        .'    Associates |      ^^^  ^^ 

«'  30        "    Juniors 1 

«  1        "    Member,  balance         10  55 

"  1  resident  Associate,  "  5  00 

$6  060  55 

Half  Dues  from  3  resident  Members 37  50 

3        "        Juniors 20  00 

<<  24  non-resident  Meml)ers 180  00 

«<  9        "  Juniors 45  00 

282  60 

Additional   Dues  from    2    Associates   and    2 

Juniors,  wbo  became  Members 20  00 

Dues  for  1876-7  from  1  non-resident  Member .  15  00 

Sundry  overpayments  of  Dues 7  09 

Entrance  Fees  from  43  Members 1  290  00 

1^^^°'^^''*® I     380  00 

"  18  Juniors ) 

1  670  00 

IFellow 150  00 

8  835  U 

Fellowsliip  Fund.    Interest  on  8  Jersey  City  j 

Water  Loan  Bonds,  for  year  ending  July  |  560  00 

1st,  1876 ' 

Norman  Medal  Fund.    Interest  on  New  York  j 

City  Croton  Aqueduct  Bond,  for  year(  70  00 

ending  November  1st,  1875 •' 

630  00 

Advertisements  in  Journal 597  00 

Publications 76  00 

Diplomas 13  50 

686  50 

Treasurer's  Receipts  for  year  ending  October  i  ^^^  ^^^  ^^ 

31st,  1876 ) 

Balance,  November  1st,  1875 $275  63 

<<  "         of  Fellowship  Fund  ... .  612 

281  75 

Total $10  433  39 


*  Under  direction  of  the  Committee  on  Finance,  in  compliance  with  resolution  adopted 
at  meeting  of  the  Society,  January  3d.     Approved  by  the  Board  ot  Direction,  February  7t;h. 
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PAYMENTS,  1875-6. 

Publicationa.    Printing  Journal  of  the  Society.  $2  322  25 

Engraving 265  50 

Copyright 5  00 

52  592  75 

Extra  Paijers 21  00 

List  of  Members 94  75 


$2  708  50 
415  78 


Reporting  at  Seventh  and  Eighth  Annual  Con- 1 

ventions j 

Stationery.    Ballot  Lists $30  50 

Circulars 85  25 

Forms     of     Application,     Bills,  \  ^, 

Cards,  &c )  "" 

Notices  of   Meetings    and    other  1  ^^ 

Notices ) 

$193  25 

Blank  Books,  Enveloi^es,  Pai^er,  >  _       ^ 

kc J 

418  67 
260  61 

Ijibrary,    Books,  Binding  and  Cards 62  45 

Rooms.     Rent 

Heating. 

Gas 

Janitor.. 

Ice 

1  888  73 

Furnishing 98  82 

Insurance 54  01 

Secretary  and  Clerks 3  000  00 

Norman  Medal,  Engraving  and  Case 74  65 

Safe  Deposit,  Rent 12  00 

Hand  Stamps  for  Treasurer 5  50 

Expressage  and  Sundries 88  90 

Miscellaneous 5  00 


$1  GOO  00 

100  00 

16  45 

168  00 

4  28 

$9  093  62 

In  Secretary's  hands  for  Ofilce  Expenses ....  65  00 


Treasurer's  Payments  for  year  ending  October  31st,  1876 $9  158^62 

"  Balance,  November  1st,  1876 1  274  77 


ASSETS  AND  RESOURCES,  NOVEMBER  1st,  1876. 

Furniture,  Library  and  Transactions  on  hand,  (Secretary's  estimate).  $9  000  00 

McAlpine  Library  (insured  for)  2  000  00 

$11  000  OO 

Fellowship  Fund:  8  Jersey  City  Water  Loan  (7.V)  Bonds,  |    ^^  oko  nn 

par  value  $8  000— cost ) 

Accrued  Interest,  from  July  1st 186  67 

1  U.  S.    Registered    (5-20,  G'i    gold) )  . 

Bond,  par  value  $500 — cost J 

Accrued  Interest  from  November  1st, ) 
1875,  $30  Gold-say ) 
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Norman  Medal  Fund  :    1  New  York  Croton  Aqueducts 
(7.V)  Bond ) 


Brought  over $9  047  55    $11  000  00 

1  New  York  Croton  Aqueduct 

(7.V)  Bond 

Accrued  Interest  from  Jlay  1st, ) 

1876 ....1  '''' 

1  035  00 

Deposit  in  Seaman's  Savings  Bank  for  Savings,  (January 

1st,  1877 821  28 

New  York  Central  Railroad  Stock  :   5  shares — cost •  536  25 

Treasurer's  Balance,  November  1st,  1876 $1  274  77 

In  Secretary's  hands  for  office  expenses 65  CO 

1  339  77 

$12  779  85 

Members'  past  dues $2  945  00 

"  current  dues  (payable  to  November  1st) 8  115  00 

$11  060  00 

Total $34  839  85 


The  value  of  dies  for  the  Norman  Medal,  and  dividends  on  the  New  York  Central  Eail- 
road  stock  accrued,  since  April  2d,  1868,  are  not  included. 


BECEIPTS  AND  PAYMENTS  FOR  QUARTER  ENDING  JANUARY  31sT,  1877. 

Receipts. 

In  November $412  50 

"December 2  453  24 

"  January 1  002  62 


Payments. 

$1  131  48 

634  91 

262  00 

$2  028  39 

$4  468  36 

Excess  of  Receipts  $2  439  97 

Balance  at  Beginning  of  Quarter 1  274  97 

Balance  at  end  of  Quarter $3  714  94 


NOTES    AND    MEMORANDA. 


SELECTIONS  FROM  CORRESPONDENCE. 

Mount  Washington  Railway. — During  the  with  cross  bolts  of  1  J-i  inch-round  iron,   at 

past    season,   the    Secretary,    at    request    of  intervals  of  about  4   inches  ;  between  these 

foreign  engineers,  sought  information  in  re-  bolts   play  the  cogs  of  a  central  wheel  of  the 

gard  to  the  construction  and  operation  of  this  locomotive, 

railway.  lu  addition  to  ordinary  brakes,  the  atmos- 

Mr.    Charles   W.    Copeland  wrote:    The  pheric  brakes,  instantaneous  in  their  action, 

length  of  this  railway  is  about  3  miles  ;   the  are  in  use,  and,  following  and  dropping  into 

total  rise  from  the  lower  station  to   Mount  the  notch  rim  of  the  driving-wheel,  is  a  firm 

Washington  House,  on  the   summit  is  3  625  iron  support  which  would  effectually  prevent 

feet ;  and  the  steepest  grade  is  1  980  feet  to  the  descent  of  a  train  in  case  of  injury  to  the 

the  mile,  about  1  in  3,  but  averaging  through  machinery.      Rollers    under  the   angle  iron 

the  entire  course,  1  in  4.  prevent  jumping  or  slipping  from  the  track. 

The  road  bed  is  constructed   with  special  With  these    arrangements  for    safety,   the 

reference  to  safety  and  durability,  of  heavy  passenger  need  feel  no  alarm  or  apprehension 

timber,  clamped  to  the  rocks  of  the  mountain  of  dauger,  the  trip  being  as  safe  as  ordinary 

slope,  and  braced  and  secured  in  the  strongest  rail  transit,  no  accident  having  occurred  in  the 

manner.  seven  years  the  road  has  been  in  operation. 

The  track  is  of  the  usual  gauge, with  Bide  rails  nor  damage  of  a  penny  to  life,  limb,  or  mate- 

of  the  usual  pattern,  and  a  central  safety  rail,  rial,  during  the  time  of  construction,  or  since 

constructed  of  two  parallel  bars  of  angle  iron,  its  operation  as  a  line  of  travel. 
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The  locomotive  is  of  novel  constiuctiou, 
Xieing  made  with  special  reference  to  the  steep 
inclination  of  the  road,  and  when  standing 
upon  the  level  track,  appears  sadly  out  of 
■balance.  Safety  and-  power  are  attained  in 
the  construction, at  the  expense  of  speed  which 
is  not  sought.  The  locomotive  is  always  be- 
low the  train,  pushing  the  coach  upward  as 
it  ascends,  and  preceding  it  in  the  return 
down  the  slope.  The  cars  have  seats  hung  at 
an  angle,  facing  toward  the  base. 

Mr.  Copeland  also  submits  these  notes  ; 
The  road  was  built  at  first  with  strap  rails, but 
^s  they  were  continually  breaking,  they  were 
taken  up,  and  a  T  rail  weighing  30  pounds 
to  the  yard,  put  down  instead.  The  centre  or 
•  cog  rail  is  made  of  3  inch-angle  iron,  with  pins 
made  of  the  best  Pembroke  iron,  4  inches 
■long,  1>^  inches  in  diameter,  and  4  inches 
apart,  riveted  between  them.  This  cog  rail 
is  nothing  but  an  iron  ladder  bolted  to  the 
road  bed,  into  which  a  gear  wheel  on  the 
.driving  axle  of  the  engine  works;  the  cog  rail 
rwelghs  66  pounds  to  the  yard. 

The  road  was  about  3  miles  loag,  but  this 
^spring,  it  was  extended  down  Jj  mile  more  to 
-connect  with  Boston,  Concord  &  Maine  R.  R., 
which  now  runs  to  the  base  of  the  mountains, 
trhere  are  some  pretty  sharp  curves  on  it ;  I 
forget  the  degree  of  curvature,  at  all  events 
\weruu  about  as  short  curves  as  on  ordinary 
roads.  There  is  no  switching  apparatus  as 
none  can  be  used  with  centre  cog  rail,  but 
;there  are  turn-tables. 

The  original  engines  had  only  one  pair  of 
•cylinders  10  ,  16  inches,  and  all  the  power 
was  applied  to  one  axle,  but  this  has  been 
improved  by  using  4  cylinders  8  v  I'z  inches, 
.■and  dividing  the  power  between  the  two 
-driving  axles.  The  crank  shaft  on  the  engine 
is  geared  to  the  driving  axle  in  a  ratio  that 
the  piston  makes  5ja  strokes  to  1  ef  the 
driving  axle. 

Air  is  used  iu  the  cylinders  when  the  train 
3  8  coming  down  ;  gravity  tends  !to  force  the 
train  down  hill,  moves  the  pistons,  and  the 
•engineer  lets  the  air  eut  of  the  cylinders  as 
'fast  as  he  wants  to  iiun  4  there  are  other 
brakes  besides. 

The  engine  baciks  down  the  hill  with  the 
■  car  above  it.  At  first,  upright  boilers  were 
used,  but  these  have  been  abandoned  for 
horizontal  ones,  set  at  an  angle  that  will  be 
Jevel  on  an  average  grade.  The  engines 
weigh  about  12  tons,  the  cars  seat  about  ,50 
•persons,  and  weigh  about  3  tons.  Only  one 
car  to  an  engine  is  run,  but  sometimes  80 
persons  are  carried  to  a  car — 50  however  are 
enough. 

There  is  not  much  grading  to  the  road,  as 
the  mountain  is  about  all  stone.     Most  of  the 


low  places  are  spanned  by  trestle  work  ;  that 
over  "Jacob's  Ladder"  is  27  feet  high.  The 
grade  varies  with  the  mountain  up  and  down, 
although  the  least  grade  is  a  rise  of  1  in  8. 

The  original  capital  was  $110  000,  but  it 
took  all  that  to  build  the  road  ;  since,  all  the 
earnings  of  the  road  have  been  put  into  it,  in 
the  shajje  of  rolling  stock  and  improvements, 
till  it  no.v  has  cost  over  $200  000.  The  road 
is  not  in  debt,  but  has  never  paid  a  dividend. 

7  000  passengers  were  carried  last  year,  at  a 
fare  up  and  back  of  $4.  There  are  5  engines 
and  5  cars,  also  2  platform  cars  ;  sometimes 
not  more  than  10  passengers  are  carried  in  a 
day,  and  sometimes  200,  depending  on  the 
weather.  It  is  only  a  ijleasure  road,  so  freight 
is  not  carried,  although  a  large  hotel  has  been 
built  on  the  summit,  all  of  which  was  carried 
up  over  the  road. 

The  receipts  are  about  $24  000  per  year, 
half  or  more  of  which,  it  costs  to  run  the  road ; 
it  is  only  run  for  summer  travel — say  three 
mouths  in  the  year- 
Cog  i-ailroads  were  first  used  in  England  ; 
there  is  one  running  into  Madison,  Indiana, 
one  mile  long,  with  a  grade  of  500  feet ;  it  has 
been  in  operation  since  1847,  and  always 
been  run  during  summer  travel,  since  the 
road  was  opened. 

The  road  up  Mount  Rhiga,  Switzerland,  was 
built  from  this.  Engineers  were  sent  over 
who  got  leave  and  made  drawings  of  this  road 
and  its  engines. 

Mk.  Francis  Collingwood  writes  :  Having 
been  requested  to  make  such  memoranda  as 
he  could,  respecting  the  construction  and 
oijeration  of  this  road,  during  a  recent  visit  to 
the  White  Mountains,  the  writer  would  pre- 
sent the  following  brief  and  necessarily  some- 
what imperfect  description  written  from  notes 
made  hurriedly  on  the  spot. 

The  inception  of  the  work  was  due  to  Mr. 
Sylvester  Marsh,  of  Littleton,  N.  H.,  who, 
after  much  opposition  succeeded  in  building 
the  first  road— beginning  April,  1866,  and 
completing  it  in  July,  1869.  The  first  track 
was  laid  with  the  outer  rails  of  light,  flat  iron. 
The  locomotives  also  were  imperfect,  the 
boiler  being  vertical  and  filled  by  the  use  of  a 
funnel,  and  having  too  small  a  steam  space 
for  the  service  required. 

The  present  superintendent,  Mr.  Walter 
Aikin,  of  Franklin,  N.  H.,  has  been  in  charge 
several  years,  and  has  entirely  chmged  the 
character  of  the  road  and  rolling  stock,  so  that 
it  is  now  in  efficient  working  order,  and  has 
almost  entirely  superseded  other  modes  of 
ascending  the  mountain. 

The  road  is  in  two  sections,  one  of  2^^  miles 
length,  reaching  from  Fabyan's  (the  junotioa 
of  the   "Portland  &   Ogdensburg" — and  the 
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"  Boston,  Concord,  Montreal  &  'Wbite  Moun- 
tains" railroads),  to  "Base  Station."  This 
portion  has  a  maximum  grade  of  296  feet  per 
mile,  and  is  run  by  traction  engines  with 
ordinary  cars. 

The  portion  ascending  the  mountain,  and 
hereafter  exclusively  considered,  has  a  length 
of  31J  miles.  Its  maximum  grade  (at  a  point 
called  Jacob's  ladder,  ending  at  1  mile  from 
and  800  feet  below  the  summit),  is  1980  feet 
per  mile  ;  its  minimum  grade  is  660  feet,  and 
the  average  1  300  feet  per  mUe.  The  vertical 
curves  joining  the  various  grades  are  quite 
sharp — but  their  radii  wex-e  not  learned. 
There  are  nine  lateral  curves,  varying  from 
497  feet  to  945  feet  radius. 

Comparatively  Uttle  grading  was  done  ;  low 
trestling,  strongly  braced,  with  bents  about 
12  feet  apart,  being  used  by  preference.  The 
Superintendent  says,  however,  that  he  should 
change  this,  were  he  to  reconstruct  the  road. 

Where  there  is  no  trestle,  heavy  cross 
bearers  of  timber  are  bedded  against  rocks 
or  into  the  soil,  at  about  12  feet  apart.  On 
these,  are  bolted  longitudinal  stringers,  8x12 
inches.  On  these  again,  are  placed  sawed 
cross-ties,  originally  4  feet,  and  since  made  2 
feet  apart.  Last  of  all,  are  placed  a  set  of 
longitudinal  stringers  on  top  of  the  cross- 
ties.  The  outer  ones  are  4^7  inches,  fastened 
by  bolts  reaching  through  the  cross-ties  and 
the  lower  stringer,  every  2  to  4  feet.  They 
support  the  outer  rails,  which  are  light  iron 
rails,  30  pounds  to  the  yard,  without  fish- 
plates but  with  joint-plates.  They  serve  sim- 
ply to  support  the  car  and  engine.  The  mid- 
dle stringer  rests  upon  and  is  bolted  to  the 
cross-ties.  It  is  -1x8  inches,  and  supports  the 
central  cog-rail.  All  the  bolts,  as  nearly  as 
could  be  seen,  were  screw  bolts. 

The  cog-rail,  which  is  the  peculiar  feature 
of  this  road,  weighs  66  pounds,  and  cost  $6 
per  yard  delivered  at  the  base  of  the  moun- 
tain. It  is  made  in  12  feet  lengths  of  two 
pieces  of  3x3x0  inch-angle  iron,  placed  4 
inches  apart  and  joined  by  1^  inch-diameter 
round  pins,  placed  4  inches  apart,  centre  to 
centre,  and  firmly  riveted  to  the  vertical 
flanges.  The  rail  is,  therefore,  lOJ  inches 
wide,  and  projects  15  inches  on  each  side  be- 
yond the  stringer  to  which  it  is  fastened.  The 
reason  for  this  will  be  seen  hereafter.  The 
lateral  flanges  were  pierced  for  bolts  at  every 
18  inches  of  length,  but  bolts  were  only  used 
at  every  3  feet  of  each  angle  iron.  The  pins 
are  made  of  best  Pembroke  iron. 

The  gauge  of  the  track  is  4  feet  7J  inches, 
owing  to  a  fancy  of  the  projector  that  he  must 
have  a  close  gauge.    The  original  cost  of  the 


S^i  miles  of  road,  with  equipment,  was  aboul 
$150  000  ;  but  this  has  since  been  increased 
by  expenditures  from  earnings,  to  $210  000.^ 
There  are  four  water  tanks  at  various  points,, 
supplied  by  springs  in  the  vicinity  ;  a  turn- 
table and  small  engine-house  on  the  summit,, 
and  some  cheap  buildings  at  the  base. 

Each  train  consists  of  an  engine  and  one- 
car.  The  first  locomotives  built,  having  an 
upright  boiler  and  bwt  two  steam  cylinders, 
weighed  6^  tons  each.  The  latest,  designed 
by  Mr.  ii.ikin  and  built  in  1875  at  the  Man- 
chester Locomotive  Works,  N.  H.,  have  4  cyl- 
inders, a  rigid  wheel  base  (the  length  I  did 
not  learn),  and  weigh  12  tons  each.  Thej- 
consume  ,'2  cord  of  wood  each,  per  round 
trip.  The  cai-s  measure  8-30  feet,  inside 
measure,  seat  50  persons,  and  weigh  3  tons- 
each.  There  is  no  special  arrangement  of 
seats,  as  in  the  cars  used  on  the  Pittsburgh- 
and  oth»r  inclined  railways.  The  boiler  of 
the  latter  engine  is  of  the  ordinary  locomotive 
type,  except  that  the  steam-drum  is  at  the 
centre  of  length  of  the  horizontal  shell,  in- 
stead of  at-one  end.  The  shell  is  about  9  feet 
long  (diameter  I  did  not  get),  and  inclined  to- 
the  frame  sufliriently  to  make  it  horizontal 
when  the  engine  is  on  the  average  grade.  On. 
the  level,  the  engine  looks  as  though  it  had 
been  in  collision  with  another.  As  stated,, 
each  engine  has  4  cylinders,  8  •  12  inches,  each 
pair  working  on  an  independent  crank  shaft, 
geared  respectively  into  gear-wheels  on  the- 
forward  and  rear  axles  of  ths  engine.  The 
valves  are  ordinary  slide  valves,  worked  from 
eccentrics  on  the  crank,  shafts,  and  cutting  off 
at  three-fourths  stroke^ 

In  addition  to  the  steam,  and.  exhaust  pipes, 
an  air  supply  pipe  is  carried  from  each  valve- 
chest  into  the  cab,  and  provided  with  suitable- 
cocks  under  the  oontrol  of  the  engineer.  He- 
is  by  this  means  enabled,  in  going  down  hill,, 
to  shut  off  steam  entirely,  and  run  the  train 
down  against  the  air-pressure  in  the  cylin- 
ders, the  amount  of  compression  bting  under- 
perfect  control.  While  thus  working  and  dis- 
charging compressed  air,  the  condensation  of 
moisture  oaused  by  the  rapid  expansion  ofr 
the  jet,  gives  it  every  appearance  of  a  dis- 
charge of  steam.  After  many  experiments, 
Mr.  Aikin  arrived  at  tiie  following  com- 
bination of  gears  :  The  pins  in  the  rail, 
Pembroke  iron;  the  central  cog-wheels  (one 
on  each  axle  of  the  engine,  and  one  on  the 
upper  axle  of  the  cars),  of  best  chilled  car- 
wheel  iron,  26  inches  exterior  diameter.  .\t 
the  roots  of  the  teeth,  tbe  wheel  is  4  inches^ 
thick,  and  at  the  ends,  3V  inches:  this  allows* 
for  lateral,  play,,  curves,  &c- 
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The  gear  wheels  (two  on  each  engiue  axle, 
and  two  on  the  upper  car  axle)  are  33  inches 
exterior  diameter  and  4  inches  thick,  and 
made  of  gun  metal.  The  pinions,  two  on 
each  crank  shaft  on  both  car  and  engine,  of  6 
inch  diameter,  are  made  of  steel.  This  gives 
about  5i  i-evolutions  of  the  engine  to  1  of  the 
driving  wheels.  The  speed  of  ascent  and  de- 
scent of  trains  is  about  2  miles  an  hour,  or  at 
the  rate  of  an  easy  walk.  The  engine  is  al- 
ways below  the  car,  and  entirely  free  from  it, 
the  bumpers  simply  coming  in  contact.  The 
water-tank  and  wood-box  are  on  the  lower 
end  of  the  engine,  over  the  lower  axle.  The 
baggage  crate,  a  simple  platform,  runs  below 
all,  and  is  attached  to  the  engine  by  chains. 

The  means  of  stopping  the  engiue  are.Jirsl, 
a  rachet  and  pawl.  The  ratchet  is  about  2 
inches  in  diameter  and  5  inches  face  ;  it  is 
placed  on  the  upper  axle ;  and  the  pawl  is  al- 
ways playing  as  the  train  ascends.  On  going 
down  hill  the  pawl  is  held  up,  but  can  be  in- 
stantly dropped  by  the  engineer.  In  addition 
to  this,  are  powerful  strap  brakes  on  each 
axle. 

For  stopping  the  cars  there  are— ^rs<, a  ratchet 
and  pawl  on  the  upper  axle ;  second,  a  strap 
brake  on  the  lower  axle,  or  as  in  some  recent 
cars,  2  shoe-brakes  at  each  wheel;  third,  an 
ingenious  atmospheric  brake,  worked  by  the 
upper  axle  of  the  car,  through  the  gear  men- 
tioned and  crank  axle,  corresponding  in  all 
respects  to  those  on  the  engine.  One  of  the 
brakes  is  placed  on  each  side  of  the  car,  un- 
derneath, and  consists  of  a  plain  cylinder, 
about  8  •  12  inches,  with  piston  working  in  it 
air-tight,  the  piston  being  joined  by  connect- 
ing rod  to  the  corresponding  crank  on  crank 
shaft.  A  plain  air  passage  connects  the  two 
ends  of  the  shaft,  so  that  the  air  is  pumped 
alternately  from  one  end  to  the  other.  A 
throttle  vaive  is  placed  in  this  passage,  which 
is  under  control  of  the  brakeman  ;  and  he 
can,  by  lessening  or  increasing  the  opening, 


increase  or  diminish  the  brake  power,  at  wilL- 
As  this  axle  is  geared  to  the  central  rail,  it 
will  be  seen  that  the  car  is  i)Ositively  held  by 
the  brake,  and  does  not  depend  upon  friction. 

Mr.  Aikin  says,  they  find  a  great  economy  to 
result  from  a  proijer  oiling  of  the  central  rail. 
This  they  do  about  once  a  week,  by  a  can  at- 
tached to  the  engine,  with  a  propei-ly  adjust- 
ed opening. 

No  views  of  their  most  recent  engines  were 
obtainable,  and  the  ones  exhibited  are  of  the 
older  type.  7  000  passengers  were  carried  last 
year,  without  an  accident,  and  no  passenger 
has  yet  been  hurt. 

A  gang  of  men  is  kept  constantly  on  the 
line,  and  they  have  a  means  of  descending 
the  line  which  is  both  novel  and  interesting. 
Each  man  carries  a  kind  of  sled— a  flat  board, 
with  cross-pieces  for  the  feet  and  attachments. 
This  slides  on  the  central  rail.  Near  the  front 
end  a  brake  is  attached  on  each  side,  by  a  bolt 
running  across  the  board.  The  handles  of 
these,  reach  back  to  a  convenient  position  for 
the  rider  to  operate  either  by  lifting  or  press- 
ing down  (according  to  tha  style  of  brake), 
and  the  brake  takes  hold  on  the  under  side  of 
the  projecting  lip  of  the  central  rail.  It  re- 
quires large  practice  to  work  these  safely, 
but  Mr.  Aikin  says,  an  experienced  rider  will 
descend  the  length  of  the  line  in  4  minutes, 
and  be  able  to  stop  anywhere  he  desires. 

Some  details  of  this  road  are  given  in  the 
various  guide-books,  but  they  refer  rather  to 
the  Une  as  first  laid,  than  as  at  present  run- 
ning. 

There  are  many  omissions,  and  no  doubt, 
some  inaccuracies,  m  this  communication, 
which  must  be  charged  to  the  hurried  man- 
ner in  which  the  notes  were  taken,  without 
time  for  revision  and  subsequent  correction. 

*  A  large  photograph  of  the  railway  and  a 
train,  showing  clearly  the  arrangement  of 
track  and  centre  rail,  may  be  seen  at  the  So- 
ciety's rooms. 


LIST  OF  NEW  BOOKS  ON 

ENaiNEERINa    AND    TECHNOLOGY. 


Under  this  head  will  be  announced  new  books  on  these  and  kindred  subjects,  which  may 
be  professionally  useful  to  members  of  the  Society. 


Animals,  the  Uses  of—,  in  Relation  to  the  In- 
dustry of  Man.  a  Course  of  Lectures.  E. 
Lankester.  London.  12mo.  Hardwicke 
<£■  Bogue.    4s. 

Archieology  of  Rome.  The  Aqueducts,  traced 
from  their  Sources  to  their  Mouths.  John 
H.Parker.  London    8vo,  illua.  Murray.  \ss. 

Discoveries  at  Ephesus  ;    including   the 

Site  and  Remains  of  the  Great  Temple  of 


Diana.  J.T.Wood.  London.  8vo.  Long- 
mans. 63s. 
Architectural  Sheet-Metal  Work,  Compendmm 
of—,  embracing  Rules  and  Directions  for 
Estimates,  Items  of  Cost,  Nomenclature, 
Tables  of  Brackets,  Modillions.  Dentals, 
Trusses,  Stop-Blocks,  Frieze-Pieces,  &c. 
Architects'  Specifications,  Tables  of  Tia 
Roofing,    Galvanized    Iron,    4;c.,    &c.  ;    to 
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which  is  added,  the  Exemplar  of  architec- 
tural Sheet-Metal  Work,  coutaiuing  Details 
of  the  Centeunial  Buildings,  and  other  im- 
portant Sheet-Metal  Work,  Designs,  and 
Prices  of  architectural  Ornaments,  as  man- 
ufactured for  the  Trade,  and  a  Catalogue  of 
Cornices,  Window  Caps,  Mouldings,  &c.  A. 
O.  Kittredge.  Philadeli)hia.  8vo.  Baird. 
$10.00. 

Art,  a  Manual  of  the  historical  Development 
of —  ;  pre-historic,  ancient,  classic,  early 
Christian  ;  with  special  Reference  to  Archi- 
tecture, Sculpture,  Painting  and  Orna- 
mentation. G.  G.  Zerffi.  Loudon.  8vo. 
Hardwicle  tf-  Bof/w;.     6s. 

Azimuth  Tables  for  correcting  Compass 
Courses  and  Bearings,  being  the  Sun's  True 
Bearings,  corresponding  to  apparent  Time 
at  Place.  F.  Labrosse.  3d  ed.  London. 
8vo.     Tare  Koslrand,  Neiv  York.     $6.25. 

Birds  of  Great  Britain  and  Ireland.  William 
Gardiner.  New  ed., -1  vols.  London.  12m  i. 
Hardivkke  d:  Bor/ue.     ISs. 

Bridges  :  an  elementary  Treatise  on  their 
Construction  and  History.  F.  Jenkin.  Re- 
printed from  the  Encyclopedia  Britaunica. 
Edinburgh.    4to.    Longmans.    (London.)   58. 

Arch   and   Suspension   Trusses.     S.  H. 

Shreve.  New  York.  8vo,  illus.  (Van  Nost- 
rand.)    Announcement. 

Works  iu  Iron  Bridge  and  Roof  Sti-uc- 

tures.  E.  Matheson,  2d.  ed.  London.  8vo. 
Spans.     (Niw  ]ork.)     15s. 

Cement,  Testing  of  Portland— J.  J.  Mann 
(Minutes  of  Proceedings,  Institution  of 
Civil  Engineers).  London.  8vo,  illus.  Inst. 
Civil  Eng. 

Centi-Meter-Gramme,  Illustrations  of  the — , 
second  System  of  Units.  Prof.  Everett. 
London.     8vo.     Taylor  d-  Francis.     5s. 

Dynamics  ;  or,  theoretical  Mechanics  in  Ac- 
cordance with  the  Syllabus  of  the  Science 
and  Art  Department.  J.  T.  Bottomley. 
London.     12mo.     Collins.     Is.  6d. 

-Eclectic  Engineering  Magazine  (Van  Nos- 
trand's).  Vol.  15,  July  to  December  inclu- 
sive, 1876.     New  York.     8vo,  illus.     $3.00. 

rern  Paradise.  Francis  G.  Heath.  3d  ed. 
Ilodder  d-  Sloughton.     London.     8vo.     6s. 

Tirearms,  on  the  Influence  of—  Tipon  Tac- 
tics ;  historical  and  critical  Investigations 
by  an  Officer  of  superior  Rank  in  the  Ger- 
man Army.  Trans,  by  E.  H.Wickham.  Lon- 
don.    8vo.     King.     7s.  6d. 

Fishes  ;  a  History  of  British  — .  R.  Hamil- 
ton. 2  vols.  London,  limo.  illus.  Hard- 
wicke  d-  B^gue.     9s. 

Trout  Culture  ;  a  practical  Treatise  on 

the  Art  of  spawning,  hatching  and  rear- 
ing Trout.  Charles  C.  Capel.  London. 
12mo.     IJardwicke  d-  Bogue.     2s.  6d. 

Forces  ;  Application  of  physical  — .  Am6- 
dee  Guillemin.  Trans,  by  Mrs.  Lockyer, 
ed.  by  J.  Norman  Lockyer.  London.  8vo, 
illus.     Macmillan  [NewYork).     36s. 

Forests  and  Moisture;  or  Effects  of  Forests 
on  Humidity  of  Climate.  John  C.  Brown. 
i;dinburgh.  8vo.  (Simpkin,  London.) 
10s.  6d. 

Furniture,  Designs  and  Sketches  for — .  in 
the  Neo  Jacobean  and  other  Styles.  Ber- 
nard E.  Smith.  London.  Folio,  illus.  (Van 
A"strand,  New  York).  $21.00. 
•'Game,  the  large  and  small  — ,  of  Bengal  and 
the  Northwestern  Provinces  of  India.  J.  H. 
Baldwin.     London.     16mo.     King.     21s. 

•iXJas;  a  practical  Treatise  on  tlie  Manufacture 
and  Distribution  of  Coal  — .  William 
Jtichards.     ito,  illus.     Spans.     (New  York.) 


Geological  Survey,  Memoirs  of .  England 

and  Wales  (English  Government  Publica- 
tions). Geology  of  East  Somerset  and 
Bristol  Coaltields  ;  or  Descriptions  of 
the  Rocks  comprised  in  Sheet  19,  part  of 
Sheet  35,  and  adjoining  Portions  of  Sheets 
18,  20,  and  21  of  the  (one  Inch)  geological 
Survey  Map  of  England.  Horace  B.  Wood- 
ward. With  Notes  by  H.  W.  Bristow,  W. 
A.  E.  Usher,  and  J.  H.  Blake,  and  Appen- 
dix by  F,  Rutley,  on  the  microscopic  Char- 
acter of  the  eruptive  Rocks,  and  Lists  of 
Fossils  by  R.  Etheridge.  London.  8vo, 
18s. 

Geology  of  the  northern  Part  of  the  Eng- 
lish Lake  Districts.  Quarter-sheet  101  S.  E., 
including  Sheets  63.  6i.  69,  70,  71,  76,  and 
portions  of  54,  55,  50,  57,  62,  65,  08,  73,  li, 
75,  Cumberland,  and  12,  18,  19,  Westmore- 
land, on  Scale  of  6  inches  to  Mile.  J. 
Clifton  Ward.  With  Appendix  on  New 
Species  of  Fossils.  R.  Etheridge.  London. 
8vo.    9s. 

Hydraulics  and  hydraulic  Motors  with  Theory 
of  the  Steam  Engine,  trans,  from  Vol.  II.  of 
Weisbach's  Engineering,  by  A.  Jay  DuBois. 
New  York.  Wiley  cC  Sons.  (Announce- 
ment.) 

,  rural ;   a  practical  Treatise   on  rural 

Household  Water  Supply,  giving  a  full  De- 
scription of  Springs  and  Wells,  Pumps  and 
hydraulic  Ram,  with  Instructions  in  Cis- 
tern Building,  Laying  of  Pipes,  &c.  W.W. 
Grier.     Philadelphia.     8vo,  illus.     $0.75. 

Iron  Manufacture,  a  concise  History  of  — 
— ,  of  the  American  Colonies  up  to  the 
Revolution,  and  of  Pennsylvania  until  the 
present  Time.  John  B.  Pearse.  Philadel- 
phia. 12mo,  illus.  Allen,  Lane  <£  Scott. 
$2.00. 

Library,  a  Classification  and  Subject-Index 
for  cataloguing  and  arranging  the  Books 
and  Pamphlets  of  a  Library.  Melvil  Dewey. 
Boston.     8vo.     Ginnd-  Healh.     $1.00. 

Life,  the  Puzz'e  of—,  and  how  it  has  been 
pTit  together,  a  short  History  of  vegetable 
and  animal  Life  upon  the  Earth,  from  the 
earliest  Times,  including  an  Account  of 
pre-historic  Man,  his  Weapons,  Toils,  and 
Works.  Frederick  Waddy.  London.  12nio, 
illus.     Longmans.     58. 

Magnetic  Declination  in  the  United  States  and 
other  Parts  of  North  America,  the  secular 
Change  of — .  Washington.  4to.  U.  S.  Coast 
Survey. 

Mathematics  complete  :  a  Science  Manual. 
H.  Major.  Manchester.  l°2mo.  (London. 
Simpkin.)     2s.  6d. 

Masonry,  Bricklaying  and  Plastering,  theo- 
retical and  practical:  the  new  Guide  to--. 
Ed.  by  R.  Scott  Burn.  London.  4to,  illus. 
(Van  Aostrand.     New  York.)     $21.00. 

Miuiag  Engineers,  Transactions  of  the  Amer- 
ican Institute  of .    Vol.  IV.    May,  1875, 

to  February.  1876.     Easton.     8vo,  illus. 

Machinery,    a   descriptive    Treatise    on 

Machinery,  Tools,  and  other  Appliances 
used  in  Mining.  G.  G.  Andre.  (To  be 
completed  in  12  monthly  Parts.)  Part  I. 
London.  4to,  iUus.  Spans.  (New  York.) 
$2.00. 

Mineralogy.  Text-Book  of—.  E.  S.  Dana. 
New  York.  Wiley  d-  Sons,  (Announce- 
ment.) 

Mineral  Stati.stics  for  1875.  (Parliamentary 
Report.  1     London.     8vo.     2s. 

Oils  and  Water  Colors.  William  Renton. 
Edinburgh.  12mo.  (Hamilton.  London.) 
5s. 
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■Orduance,  Description  of  naval  3-Inch  Breech- 
Loading  Howitzers,  with  Instructions  tor 
their  Use  and  Care.  M.  Sicard.  Washing- 
ton.    8vo,  illus.     Gov.  Printing  Office. 

Petroleum,  the  early  and  later  History  of 
— ,  with  authentic  Facts  in  Regard  to  its 
Development  in  western  Pennsylvania,  and 
Sketches  of  the  pioneer  and  prominent 
Operators,  together  with  the  refining 
Capacity  of  the  United  States.  J.  T.  Henry. 
PhiladeliJhia.     8vo,  illus.     Baird.     Si-50. 

Price  Tables,  specially  designed  for  Use  in 
the  Iron,  Steel,  Brass,  Copper,  Lead,  Tin, 
and  Zinc  Trades.  George  lieecroft.  6th  ed., 
rev.  and  enl.  by  John  O.  Butler.  Leeds. 
12mo.    (London.    Simpkin.)     16s. 

Kailwavs.  Treatise  on  the  Law  of  — . 
William  Hodges,  6th  ed.,  by  J.  M.  Lely. 
London.     8vo.     Siveet.     383. 

Kaihvay  Tires,  the  Fracture  of  — .  W.  W. 
Beaumont,  with  Abstract  of  Discussion 
(Minutes  of  Proceedings,  Institution  of 
Civil  Engineers).  London.  8vo,  illus.  Inst. 
Civil  Engineers. 

Elvers  Pollution  Prevention  Act,  1876.  W. 
G.  Lumley.  London.  8vo.  Shaws. 
3s.  6d. 

Koof   Trusses,    graphical    Analysis  of , 

for  the  Use  of  Eugiueers,  Architects  and 


Builders.  Charles  E.  Greene.  Chicago. 
8vo,  illus.     Engineering  News.     .$1.2.5. 

Science.  Familiar  Lectures  on  some  Mys- 
teries and  Discoveries  in — .  T.  S.  Philpson. 
London.  8vo.  ( Van  Nostrand.  Aeiv  York.) 
$3.75. 

Lectures  on   some   recent  Advances  in 

physical — ,  with  a  special  Lecture  on  Force. 
P.  G.  Tait.  2d  ed.,  rev.  London.  8vo. 
Macmillan.     (New  York.)     9s. 

Outlines  of  an  industrial  Science.  David 

Syme.     London.     8vo.    King.    6s. 

Steam  Engine,  a  practical  Treatise  on  the 
,  containing  Plans  and  Arrange- 
ments of  details  for  tixed  Steam  Engines, 
with  Essays  on  the  Principles  involveu  in 
Design  and  Construction.  Arthur  Rigg. 
(To  be  completed  in  12  monthly  parts.) 
Pai't  I.  London.  4to,  illus.  Spans.  (New 
York.)     S2.00. 

Trigonometry,  the  Elements  of  plane  — . 
H.  N.  Wheeler.  Boston.  12mo.  Ginn  <£■ 
Heath.     $1.25. 

Universe  (the).  F.  A.  Pouchet.  4th  ed. 
Edinburgh.  8vo.  Blackie.  (London.) 
123.  6d. 

Vegetable  Kingdom,  the  Effects  of  Cross  and 
Self-Fertilization  in  the  —  — .  Charles 
Darwin.     London.     8vo.     Murray.     12s. 


ADDITIONS    TO 


LIBRARY     AND     M  U  S  E  U  M. 


Note. — "Copies  for  disti'ibution  "   named  in  this  list,  will,  in  order  of  receipt,  be  sent  to 
members  who  apply,  until  the  supply  is  exhausted. 


DONATIONS   ARE   ACKNOWLEDGED   AS   FOLLOWS 


From  American  Institute  of  Mining  En- 
gineers : 
Transactions.     Vol.  IV.     May,   1875,  to   Feb- 
ruary, 1876.     Easton. 

From  .John  Bogart,  New  York  : 
Third   Annual   Report   of  Board  of  Commis- 
sioners of  Department  of  Public  Parks.  New 
York,  from    May    let,   1872,   to  December 
3l8t,  1873. 

From  T.  C.  Clarke,  Philadelphia  : 
Proceedings   of  the   American   Philosophical 
Society   for  promoting  Useful  Knowledge. 
Philadelphia.     Nos.  93-95,  97. 

From  Samuel  S.  Cox,  M.C., Washington: 
Annual  Message  of  President  of  United  States, 

December  4th,    1876,   with    Accompanying 

Documents.     Washington. 
■Congressional  Directory,  XLIV  Congress,  2d 

Session.     Washington. 

From  J.  J.  R.  Croes,  Yonkers,  N.  Y.: 
Department  of  Public  Parks,  New  York.     Re- 
ports of  the  Landscape  Architect,  and  the 
Civil  and  Topographical  Engineer,  on  laying 
out  the  23d  and  24th  Wards,  New  York. 

From  M.  S.  Day,  U.  S.  Navy  : 
Report  of  the  Trigonometrical  Survey  of  Island 
of  Hokkaido,  for  1875.     New  York. 

From  John    Eaton,    Commissioner    of 
Education,  Washington  : 
Public  Libraries   in   the  United  States,  their 
History,  Condition  and  Management.  Special 
Report.      Parts  I.  II.     Washington. 


From  C.  Douglas  Fox,  London  : 
Institution  of  Civil  Engineers  ;   Charter,  By- 
Laws  and   Regulatinus  ;    Subjects  for  Pa- 
pers, Session  1875-76.     (2  numbers.) 
From  G.  H.  Frost,  Chicago  : 
Graphical  Analysis  of  Root  Trusses.     Charles 
E.  Greene,  Chicago. 

From  S.  T.  Fuller,  Philadelphia  : 
39th  Annual  Report  of  the  Philadelphia,  Wil- 
mington &  Biltimore  R.  R.  Co.  for  year  end- 
ing October  31st,  1876.     Philadelphia. 
From  J.  T.  Gardner,  Albany  : 
Relation   between  topographic   Surveys   and 
the  Study  of  public  Health.     J.  T.  Gardner. 
Albany. 

From  G.  E.  Gray,  San  Francisco  ; 
Techachapi  Pass,  on  Line  of  Southern  Pacific 
Railway  (3  photographs). 

From  G.  S.  Greene,  New  York  : 
Department    of    Public    Parks,    New     York. 
Specifications,   &c.,   for    building    an   Iron 
Bridge  across  Harlem  River. 

From  Albert  Hill,  New  York  : 
Analysis  of  Specifications  for  Steel  Cable  Wire 
for  East  River  Suspension  Bridge.     Albert 
Hill.     New  York. 

From    Institution   of   Civil  Engineers, 
London  : 
List  of  Members.  January  1st,  1877. 
Excerpts  from  Minutes  of  Proceedings.     Ses- 
sions 1876-7,  Part  I.,  as  follows  : 
Fracture  of  Railway  Tires.  W.W.  Beaumont, 
with  Abstract  of  Discussion. 
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The  Japan  Lights  with  which  the  Japan 
Governnipnt  has  provided  the  leading 
Ports.     R.  H.    Bruuton  ;    with  Abstract 

of  Discussion. 
Permanent  Way  of  Railroads.      R.  Price 
Williams  ;  with  Abstract  of  Discussion. 
Testing  of  Portland  Cement.    I.  J.  Mann. 
From    Capt.   W.  N.   Jeffers,    Chief    of 
Bureau  of  Ordnance,   Navy  Depart- 
ment, Washington  : 
Description  of  naval  a-inch  Breech-Loading 
Howitzers,  with  Instructions  for  their  Care 
and  Use.     Washington. 

From  North   of   England    Institute   of 
Mining    and    Mechanical   Engineers. 
Newcastle-on-Tyue,  England  : 
Transactions,  September  and  October.    New- 
castle-on-Tyne. 

From  P.  H.  Philbrick,  Iowa  City,  la.: 
Catalogue  of  the  State  University  at  Iowa  City, 
for  1873-4,  187.5-6.  (2  numbers.) 
From  W.  H.  Paine,  Brooklyn  : 
Specifications   for   Steel  Cable  Wire  for  East 
River  Suspension  Bridge .     (Copies  for  dis- 
tribution.) 

From  P.  P.  Panayeff,  Moscow,  Russia: 
Album  of  Patterns  of  Rails  for  Tramways. 
Map  of  Moscow. 

Treatise  on  Construction  of  dredging  Ma- 
chines and  their  Woik.  P.  P.  Panayeff, 
Moscow  (Russian). 

From  C.  P.  Sandberg,  London  : 
On  Rail  Joints — from  "  Engineer."    London. 
(G  copies). 

From  I.  W.  Smith,  San  Francisco: 
Act  relating  to  Commissioners  of  Transporta- 
tion of  State  of  California,  their  Powers  and 
Duties.  Approved  April  3d,  1876.  Sacra- 
mento. (6  copies.) 
Form  of  Annual  Report  of  Raih'oad  Companies 
to  the  Board  of  Commissioners  of  Trans- 
portation of  State  of  California,  for  year  end- 
ing June  .30tb,  1876.  Sacramento.  (6  copies.) 


From  Society  of  Architects  and  Engi- 
neers of  Hanover  : 
Journal  of   the   Society.     Vol.    12.     Part  IV. 
(German.) 

From  the  Society  of  Civil  Engineers, 
Paris  : 
Papers  and   Proceedings  of  the  Society.  Sep- 
tember, October,  1876.     Paris  (French). 

From  R.  H.  Thurston,  Hoboken.  N.  J.  '- 
Exhibits  of  the  Stevens'  Institute  of  Techno" 
logy    at    the    Centennial    Exhibition.     Ho" 
bokeu.     (Copies  for  distribution.) 

From  J.  N.  Tubbs,  Rochester,  N.  Y.  : 
Rochester  Water  Works.  Specifications  for- 
Cast  Iron  Distribution  Pipes  with  their 
Branches  ;  for  Excavation  and  Re-filling  { t 
Trenches  for  Water  Pipes,  and  for  Laying: 
such  Pipes.     (2  numbers.) 

From  United  States  Coast  Survey, Wash- 
ington : 
Secular  Changes   of  magnetic  Declination  in: 
the  United  States  and  other  Parts  of  North. 
America.     Wa.shington. 

From  Union  Iron  Co.,  Buffalo  : 
Plans  of  the  Louisiana  Draw  Bridge  (2  sheets). 

From  Gen.  G.    K.   Warren,    Newport,. 
R.  L  : 

Report  on  the  Transportation  Route  along  the 
Wisconsin  and  Fox  Rivers,  in  State  of  Wis- 
consin. Washington.  (Copies  for  distribu- 
tion.) 

From  Miscellaneous  Sources  : 

American  Library  Journal.  September  30th.. 
1876. 

Encvclopaedia  Britannica.  9th  edition.  Vols> 
I.-V.     A  to  Cle. 

Library  Table.     Vol.  II.,  No.  2.     New  York. 

Prospectus  of  .American  Wood  Preserving 
Company.     New  York,  1870. 

Tribune  Almanac  and  political  Register  for 
1877.     New  York. 


AXNOUNCEMBNTS. 


Meetings  of  the  Society  for  the  next 
three  months  will  be  held  as  follows  :  regular 
meetings,  when  ballots  for  members  will  be 
canvassed,  and  other  business  done,  Wednes- 
day, March  7th,  April  4th  and  May  2d  ;  and 
stated  meetings,  for  consideration  of  profes- 
sional topics  and  enjoyment  of  social  inter- 
course, Wednesday,  February  21st,  March 
2l8t  and  April  18th — each  at  8  o'clock  p.  m. 

Meetings  of  the  Board  of  Dikection 
during  the  same  term,  for  the  transaction  of 
regular  business,  will  be  held  March  7th, 
April  4th  and  May  2d,  at  3  o'clock  p.  m. 

A  general  meeting  of  the  American  Insti- 
tute OF  Mining  Engineers  will  convene 
Tuesday,  February  27th,  at  8  o'clock  p.m.,  at 
the  rooms  of  this  Society.  One  or  more 
sessions  will  be  held  on  Wednesday,  at  the 
Columbia  College  School  of  Mines.     Wednes- 


day evening  will  be  devoted  to  a  conversaziime 
at  the  rooms  of  this  Society,  in  which  mem- 
bers of  both  associations  will  take  part.  An 
informal  discussion  will  be  had  on  the  advis- 
ability and  practicability  of  adopting  in  this 
country  the  metric  system  of  weights  and 
measures. 

Papers  have  been  Received    for  presen- 
tation to  the  Society,  since  the  last  announce- 
ment, as  follows  : 
Failure  of  the  Railway  Bridge  at  Ashtabula^ 
Ohio. 
G.  K.  Warren.     January  18th,  1877. 
E.  S.  Philbrick.     February  6th,  1877 . 
"Levees,   as  a  System  of  reclaiming  low- 
Lands. " 
Discussion— J.  F.  Flagg.  Feb.  13th,1877. 

Title  Page  and  Index  of  Volume  II,  Pro- 
ceedings, is  issued  herewith. 


VALUABLE    TEXT-BOOKS 


BGH00L8,  COLLEGES  AND  POLYTECHNIC  INSTITUTES, 

AND    FOR   THE   USE   OF 

SCIENTIFIC    AND    PRACTICAL    MEN. 

Prepared  by  the  following  Distinguished  Authors  : 
Austin,  Bodemaun,  Bourne.  Bouvier.  Bresse.  Brush,  Calvert,  Coe,  Colburn,  Cooke,  Crafts, 
Dana,  Downing,  Du  Bois.  Fresenius,  Hatfield,  Holly,  Johnson,  Jones,  Kemp,  Kerl,  Kirkwood, 
Leeds,  Liebi^,  Macfarlane,  Mahan,  Miller,  Mitchell,  Moslely,  Norton,  Perkius,  Rankiue,  Eei- 
mann,  Kuskin,  Smith,  Thorpe,  Trowbridge,  Warren,  Watts,  Wightwick,  Willis,  Wilson,  Wood. 
On  the  following  Subjects  : 
Agriculture,  Aniline  Colors,  Architecture,  Art  Culture,  Assaying,  Astronomy,   Blowpipe, 
Book-Keeping,  Bridges,   Calico  Printing,  Carpentry,  Cements,  Chemistry,  Clock  and  Watch- 
making. Cotton  Manufacture,  Drawing,  Dyeing.  Engineering,  Engraving  (Wood  and  Metal), 
Fortifications,  Geometry,  Graphical  Statics,  Gunnery,  Heat,  Hydraulic  Motors,  Iron,  Landscape 
Gardening,  the  Lathe,  Lead  Pipe,  Locomotives,  Machine  Construction  Drawing,  Machinists, 
Mechanics,  Mechanism,  Metallurgy,  Mineralogy,  Naval  Ordnance,  Painting,  Per.«pective,  Re- 
sistance of  Materials,   Saw  Filing,  Sculpture,  Shades   and    Shadows,   Ship  Building,    Steam- 
Engines,  Stereotomy  or  Stone  Cutting,  Turning,  Ventilation,  Water-wheels,  &c. 
Published  by 

JOHN   WILEY   &   SONS, 

15  Astor  Place,  JVEAV  YORK. 

*  ^  *  Full  descriptive  Catalogues  gratis  and  mailed  to  any  address. 
Books  or  Periodicals  Imported  from  Europe  ;  orders  forwarded  Semi- Weekly  ;  Second-hand 
Catalogues  mailed  to  any  address,  post  paid. 


D,  VAN  NOSTRAND, 
PUBLISHER   OF    SCIENTIFIC    BOOKS, 

23  Murray  Street  and  27  Warren  Street,  New  York. 


General  Catalogue  of  American 
Svo,  including  titles  of  all  leading  Wor 
AsTR(i\oMY,  Navigation-,  Ship-buildi 
Wine  Making,  Chemistry,  Physics, 
Painting,  Photogr.u>hy,  Electricity, 
-CHiNERY,  Mechanics,  Geology,  Miner 
Hydrostatics,  Iron,  Steel,  Life 
Reference,  <fec.     Sent  on  receipt  of  10 


and  Foreign   Scientific   Books,  128  pages, 

ks,  in  Architecture,  Carpentry,  Building, 

NG,    Meteorology,    Brewing,    Distilling, 

Philosophy,    Coal,    Oil,    Gas,    Drawing, 

Electric  Telegraph,    Engineering,   Ma- 

alogy.   Mining,  Metallurgy,  Hydraulics, 

Insurance,     Mathematics,     Works     of 

cents,  by  mail,  po.st  paid,  to  any  address. 


National  Steam  Pump, 

Adapted  for  Every 

Possible  Duty. 

Highest  Medal  and  Award  at  the  Cen- 
tennial ;  Silver  Medal  and  Diploma, 
American  Institute,  1876  ;  Silver  Medal, 
New  Jersey  State  Fair,  1876. 

Siniple.   Keliable,   Durable. 

Great  Pieduction  in  Prices  for  1877. 
Send  for  Circular. 

NATIONAL  IRON  WORKS, 

Jfew  Srunsifick,  ^T.  «/". 


Engineering  Department  of  Swarthmore  College, 

Swarthmore,    I'a,,    10    wiles  from   PJiiladelphia, 

For  information  address  the  Prseideut  of  the  College  ;    or, 

Abt^pk  Beabdsley,  C.  E.,  Prof,  of  Mechanical  Engineering. 


KELLOGG    BRIDGE    COMPANY, 

OFFICE  k  WORKS,  BUFFALO,  X.T. 

r 


BRIDGE   BUILDERS  &.  CONTRACTORS. 

All  kinds  of  Wrought  Iron  Railway  and  Highway  Bridges,  Viaducts,  Trestle  Work,  Turi> 
Tables,  Koofs  and  other  Iron  Structures  ;  Railroad  Work  and  Die  Forged  Eye-bars,  without 
welds  or  upsets,  a  specialty.     Send  for  illustrations. 


UNION  lEON  CO. 


OF     BXJFF.A.LO. 


BEAMS.  CHANNELS  &  SHAPE  IRONS, 

PIG,   BAE  lEON  AND  EAILS, 

Rolled  Shafting,  Boiler.  Plate  and  Tank  Irons. 

BRIDGE   IRON  A  SPECIALTY. 


p.  O.  Drawer  1 
a51.         ) 


BUFFALO,  JV^.  Y. 


PENNSYLVANIA  STEEL  COMPANY, 


MANTTFACTUKEBS   OF 


LOREXZ' 

SAFETY   SWITCH, 


^    n    n 


STANDARD    STEEL    RAILS, 

Axles,  Forgings,  Frogs,  Crossings  and  SwitoheSy 

210   SOUTH  FOURTH  STREET, 
PHI-L  Ar>E  LPHI  A. 


THE    "FISHER" 


iiit. 


MAXUFACTITRF.D    BY 


FISHER&NORRIS.. 

Trenton,    >'.  J. 


SECT/O/y 


Tn  the  "Fisher"  system  by 
vertical  bolts,  the  ends  of  con- 
tiguous rails  are  securelj'^  fast- 
ened between  heavj^  horizontal 
plates,  which  enclose  the 
flanges. 

Of    these    bolts,   usually   in 

pairs  in  the  | |  form,  one,  two, 

three  or  four  are  employed  as 
desired.  From  their  large 
diameter  (one  inch),  and  acting 
in  the  same  direction  as  the  load,  no  looseninff  of  the  7iui3 
occurs,  except  that  due  to  internal  wear  of  the  plates 
and  rail  surfaces.  Having  the  whole  area  of  the  base  of 
rail,  instead  of  a  narrow  bearing  under  the  head,  as  with 
common  fish  bars,  this  wear  is  very  slight,  and  may 
be  taken  directly  up  by  the  nuts.  Twice  a  year,  using  a 
four  foot  wrench,  is  sufficient  for  this,  and  no  "stop"  or 
other  washers  are  required  or  used. 

Joints  taken  from  the  track  of  the  Boston  &  Provi- 
dence R.  R.,  after  thirteen  years'  continuous  use,  show  this  wear  to  have  been 
55th  of  an  inch. 

No  holes  are  made  in  the  stem  of  the  rail.  The  only  slotting  is  for  elliptical 
notches  in  the  edges  of  the  flanges  and  without  perceptible  weakening  of  their 
strength.  Several  varieties  have  been  in  use  on  important  roads,  for  from  four 
to  thirteen  years — either  between  ties,  on  one  tie,  or  extending  the  lower  plate 
over  two  ties,  and  in  every  case  have  demonstrated  that  for  preservation  of  rails, 
smoothness  of  track,  and  saving  in  labor  and  repairs,  the  vertical  system,  holding 
the  rail  by  its  broad  base  instead  of  under  the  head,  directly  by  large  vertical 
bolts,  is  the  correct  one  as  opposed  to  fish  bars,  which  are  dependent  on  hori- 
zontal bolts  to  keep  them  in  place — subject  to  rapid,  unequal  wear  and  cross- 
strains,  and  with  continual  loosening  of  nuts.  All  fish  bars  wear  greatest  at 
their  middle,  and  after  three  or  four  years'  use  they  will  be  found  so  much  more 
worn  there  than  at  their  ends  that  a  perfect  bearing  can  be  no  longer  obtained 
by  screwing  up  the  nuts,  and  a  rapid  destruction  of  the  ends  of  the  rails  obtains 
soon  after. 

Among  the  roads  which  have  used  these  joints  in  large  quantities  for  a. 
number  of  years,  are  the  Fitchburg  R.  R.,  Boston  <fe  Providence  R.  R.,  Pennsyl- 
vania R.  R.,  Lehigh  &  Susquehanna  R.  R.,  Philadelphia,  Wilmington  &  Baltimore 
R.  R.,  Cumberland  &  Pennsylvania  R.  R.,  Delaware  &  Hudson  Canal  Co.,  &c. 
THE  MANUFACTURERS  INVITE  ORDERS  FOR  TRIAL  LOTS  FROM' 
ROADS  WHICH  HAVE  NOT  YET  USED  THIS  JOINT 


Prices  as  Low  as  for 
Riveted  Columns. 


k  Lilliograjilis,  Rales,  dc, 

ADDEESS, 

KEYSTONE  BRIDGE  CO., 
PITTSBURG,  Pa., 

Or,  J.  H.  LINVILLE,  President, 

218  South  4th  Street, 

Philadelphia. 


L.    SOXJLERIN, 

ENGINEER   AND   CONTRACTOR  OF  IRON  BRIDGES,  ROOFS, 
VIADUCTS.    TURN-TABLES,   &c. 

Chicago,  III. 


34  South  Clarke  Street, 


Wroiigit-lroii  aiiil  Cement  Watei-Fipe  Coiiipaiij. 

General  Office,  41  Ley  Street,  New  York. 


This  pipe  is  made  of  wrought-iron,  coated  with  asjjhalt,  then  liued  with  and 
laid  in  hydraulic  cement.  This  Company  has  been  in  operation  thirty  years,  and 
laid  1,244  miles  of  pipe,  of  diameters  from  service  to  36  inches,  in  Vl  cities 
and  towns,  under  hydrostatic  pressures  due  to  250  feet  and  less. 


RATES  AT  WHICH  SELECT  ADVERTISEMENTS  WILL  BE  RECEIVED. 


Prices  fob 

One  Month. 

Thbee  Months. 

Six  Months. 

Twelve  Months. 

•One-fortieth  of  Page 

$1.00 

$2.00 

$3.00 

$5.00 

One-tenth         " 

2.50 

COO 

10.00 

18.00 

One- fourth       " 

5.00 

11.00 

20.00 

36.00 

One-half            " 

9.00 

20.00 

36.00 

65.00 

One 

16.00 

36.00 

65.00 

115.90 

